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Although this work was completed under contract to the U.S. Envuronmental Protect:on Agency,

- such support does not signify that the. work or the conclusions drawn from the work necessarily

reflect the views and policies of the Agency, nor does the mention of trade or oommercxat
products constltute endorsement or recommendatlon for use. y

A series of conceptual desxgn ﬁgure,s are mcluded in this method to aSS|st users with their own
des:gn and construction-of an appropriate dust generator for supporting this method. However, .
these figures are not to be construed as formal construction dramngs and ICF Technology will
accept no hablhty for their reference or use. ’
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1.0 INTRODUCTION

This is a samplrng and analysrs method for the determrnatlon of releasable asbestos m soils

and bulk materials. Samples are collected in a manner suitable for providing representatrve
‘méasurements of the releasable fraction of asbestos in the matrix sampled, prepared using a

dust generator, and analyzed by transmission electron microscopy (TEM). Guidelines for

constructrng the requrred dust generator are. also included.

" During dust generatron the resprrable fractlon of the dust generated from the sample is

~collected on filters. - The filters are then welghed and the cumulative'mass of dust collected-is -

plotted against time to determine the rate of release of dust. Results are extrapolated to

" provide an estimate of the total mass of respirable dust in the original sample. The asbestos

released during dust generation is either collected on a filter or in the: suspension of -a

scrubber (or both), depending on the configuration under which the dust generator is

operated.- Filters may be prepared for TEM analysis by either a direct or an indirect transfer
technique. Preparatron of the ‘scrubber suspension for TEM analysis is equivalent to an

- indirect transfer procedure. Depending on the intended use of the data, the resulis of

asbestos analyses from this method may be reported either in terms of the number of
structures per unit mass of respirable. dust generated from the sample or the number of

structures per unit mass of the orrglnal sample

“The method allows for the determination of ther mineralogical type(s) of asbestos that is -

present in. the sample and- for drstrngurshrng asbestos structures from non-asbestos
structures. In th|s method, asbestos structures are characterized as fibers, bundles, clusters,
or matrices and the length and width of each asbestos structure are measured.. Although the -
method is designed specifically to provide results suitable for supporiing-risk assessments at

’Superfund sites, it may be appllcable to a wider range of studres

As reported in this document the method focuses on requwements for the collection,
preparation, and analysis of samples obtained from individual locations. During a site.
investigation; samples will typically -be collected from multiple locations that are arranged in

“an array designed to- provide measurements suitable for deriving a representatrve (i.e.

unbiased) estimate of the concentration of releasable asbestos over the sampled matrix as a .
whole. Thus, proper design of a comprehensrve sampling strategy, which-includes the
detailed design of the array of sampling locations, is ‘also critical to the success of an
investigation. However, design of -a sampling strategy is necessarily site specific and site-

. specific ‘considerations ‘are beyond the scope of this document. For further guidance on
- developrng approprrate samplrng strategres see Berman and Chesson (undated)

Thrs method has not yet been validated. Valrdatron requires completion of a field study in’

‘which airborne exposure concentrations of asbestos caused by the release and transport. 'of

asbestos from soils or bulk materials (under specrflc conditions) are related to the bulk

" measurements of asbestos denved ‘from this method. However, while such a study is in

progress, this method has already been successfully tested in the laboratory Such tests

. . have demonstrated that the method is capable of achieving adequate sensitivity and precrsron.
", to support risk assessment.” The method also provides asbestos measurements that preserve

the rnformatron on the sizes and shapes of asbestos structures that are required to assess .

risks. Thus the pnncrple features of the method are well enough established to allow it to be




employed in current field mvestlgatlons At the same time, until the formal valldatlon study is
completed, this should.be considered an mtenm method

NOTE - L

This document is intended to serve several audiences lncludlng site project managers,
field sampling teams, data reviewers, and laboratory analysts. The document may be
separated into segments so that individuals may focus on the sections of most mterest

to their particular roles on a project.




2.0 BACKGROUND

ThlS method was developed specuf t,ally to satisfy the needs of the Superfund program
including ' : : .

. the need to provide results su1table for supporting risk assessment

«  the need to be applicable to the types of asbestos containing matenals
B commonly encountered at Superfund sites; and

. -the need to facilitate reproducibility Wl'lhll’l and between laboratories that may ’
" offer the method commerc.ially ‘

An additional consideration addressed during the development of this method is the need to
control sampling and analysns costs. - ,
The first item listed above is what distmgwshes sampling and analysis methods adapted for
use in the. Superfund program -from methods used in other programs. This is because the -
statutory requirements of the Superfund program mandate that risk management decisions be
based on risk assessment. . Risk assessment requires that analytical data be: relatable to
health effects. Although the remaining requirements listed above are also important the first
~itemis a central feature of the Superfund program. . : '

Because this method is desrgned for >upporting risk assessment the results of analyses from
~ this method are intended to be used as inputs to release and transport models to predict
airborne asbestos exposure coricentrations (see Section 2.2). This is a very different -
objective from existing bulk asbestos methods, which are designed as qualitative tools for-
determining whether asbestos is .present in a particular matrix in excess of a defined,
regulatory limit. For such methods, the regulatory limits are defined operationally as functions
of the methods themselves and, therefore, do not necessarily relate in any direct fashion to
the potential for asbestos to be’ releascd and contnbute to l’lSk

21 REQUIREMENTS FOR A METHOD DESIGNED TO SUPPORT RISK ASSESSMENT

A,feasnbility_study (Berman '1990) was completed both to identlfy the requrrements ‘of a
‘method for the determination of asbestos in soils and bulk materials that could be used to
support risk assessment and. to evaluate existing sampling and analysis technologies to .
“determine whether such a method might be ‘readily developed. Resulis of the feasnbility
study indicate that, to support nsk assessment under Superfund the method must:

~ = - achieve sufﬂcxent analytical sensrtlwty to adequately measure asbestos over the
entire'range of concentrations that might potentially pose an unacceptable risk;

e provide adequate precision over the range of asbestos concentrations of int'erest'

. prov:de measurements -of the complete range of the sizes and shapes of
: asbestos structures that are believed to contribute to health effects :

2-1




. provide measurefnents that are fepresentétivé of the fraction of asbestos that is
readily releasable’ from the matrix of interest; and - ‘

. provide results reported in units that are amenable for use as inputs to fate and
transport models that can be used to relate (bulk) source concentrations of
asbestos to (airborne) exposure point concentrations of asbestos.

21.1  Sensitivity

Based on calculations presented in the feasibility study completed for this method (Berman
1980), asbestos concentrations in soil or a bulk environmental matrix that are on the order of
3x10° long asbestos s/g ;4 (i-e. '30 million asbestos structures longer than 5 pm per. gram of
solid) or 5x1 0® total asbestos S/Qgojig (i-e. 0.5 billion total asbestos structures per gram of
solid) may potentially pose a risk exceeding 1 x 10, This is based on evaluation of a series
of scenarios in which asbestos is released from the solid matrix due to any of several types of
disturbance (i.e. vehicular traffic on the surface, agricultural tilling, or natural weathering). -
Once released, asbestos is dispersed into the air, where exposure may occur. Note that, for °
a typical chrysotile matrix, the concentrations reported above for the two different size ranges -
of structures are expected to be approximately equivalent (i.e. concentrations observed for
each of the two size ranges in a sample containing common chrysotile are expected to be
approximately proportional to the two values given so that a sample observed to exceed one
will also likely exceed the other). Therefore, either concentration might serve as an adequate
target sensitivity for chrysotile. . However, such may not be the case for all asbestos-
containing matrices, particularly those containing amphibole asbestos. :

To assure that negative results from a soil-bulk method do ‘not mask potential problems, -
ideally, the analytical sensitivity for the method should be set at one tenth of the
concentrations potentially capable of producing risks that exceed 1 x 107, Therefore, the
target analytical sensitivities for this method have been set at: ‘

. 3x10° long asbestos s/gg;4 ‘(i.e». 3 million asbestos structures longer than 5 pm
. per gram of solid); or - _ ' :

. 5x107 total asbestos s/gsond (i.e. 50 million total asbestos structures per gram of
solid). ‘ -

The analytical sensitivity is reported for the two different size ranges of asbestos structures to
allow flexibility in the application of the method. ' : :

2.1.2 Precision

The only precision data currently ‘available for this method is from the recently desecribed pilot
study (Berman et al. 1994a). To establish a reasonable goal for the precision of this method,
a study of the precision achievable by commercial laboratories performing the method would
be required. Because data from commercial laboratories are not available, the data from the

As used here, "readily releasable® means particles that have already been separated into respirable size and that are
available in a pool of loose material that can be released directly during some type of disturbance. This is
distinguished from particles that may be aggregated with others and that may be separated from the aggregate for
future release. ‘ . - '
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_pilot study (Berman et al. 1994a) were evaluated to provnde a rough estlmate of the level of
precision potentially achievable once the ‘method is commercialized. (see Section 12.1 2) ,
Results suggest that a relative perce,nt difference of '50% should be easily achlevable for
sample splits performed by.a smgle laboratory "
E The USEPA has set informal precision guidelines for each of the analy’ucal methods employed _
" in the contract laboratory program (CLP), under which the majority of sample analyses have
been conducted for the Superfund program. These goals tend to be defined as achievable
relative percent differences for sample spllts performed within a laboratory and they range
between 10% and 35% for the analysis of inorganic chemicals in soils and up to 50% for the
. analysis of organic chemicals.in soils. Therefore, given the above, a guideline of 50% for the

relative percent difference’ between ‘sample spllts performed within a- laboratory is proposed
for this method. ‘

. 21.3 Asbestos Characternstlcs

Based on what is known about the biological activity of asbestos (for a crltlcal review of the'
extensive literature on this subject, see Berman and Crump 1989), if asbestos measurements

are to be related to risk, it is:necessary to characterize the sizes, shapes, and mineralogy of -

the asbestos structures in each sample. ' This involves enumeration of individual structures
within certain size categories with particular emphasis on the longest and thinnest structures.
Although the range of dimensions over which asbestos structures contribute to biological
activity has yet to. be precisely. defined, this method is designed to provide a detailed
charactenzatlon of structures encompassmg the entlre range of potentlal lmportance

»Results of the feasibility: study for this method - (Berman 1990) "indicate that transmission
electron microscopy (TEM) is the only analytical tool capable of characterizing asbestos
“structures over the entire range of sizes and shapes that potentially contribute to risk.
Consequently, the asbestos derived from soil. or bulk samples is’ analyzed using TEM in thrs
method :

When ‘evaluating detailed asbestos size charactenzatlons it is |mportant to cons1der the
effects of sample preparation. The dust generator incorporated into this method was
developed because its use ellmlnates the need to employ other preparatlon techniques (such
as crushing or grinding) that potentlally alter the distribution of respirable asbestos structure .
sizes and shapes found in the sample. The dust generation employed in this method is a .
gentle process; it is- expected to preserve the distribution of asbestos structure sizes and
~ shapes that may be released to the air-when asbestos contalnlng media are dlsturbed in the o

envrronment : » : '

The size distribution of asbestos strictures found in the dusts generated usmg this method
may also vary depending on whether TEM specimen grids. are prepared from the dust:
'samples, using a direct or an indirect transfer technigue. Existing risk factors are based
largely on studies lncorporatmg the equivalent of direct transfer technlques2 while indirect -

transfer techniques are expected to provide increased precision (sée, for example, Berman

Most of the epidemiology studies (from which estimates of asbestos potency are derived) -employed either phase
contrast microscopy (PCM) for the analysis of asbestos concentrations in work place ir or converted other types of
“measurements to PCM equivalents (Berman and Crump 1989). PCM analyses are performed directly on sample filters
after the filter material has been rendered transparent by a suitable solvent. Since the fibers are observed as originally
dep051ted this corresponds closely to a direct transfer techmque for TEM analysls
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and Chatfield 1990). Hence, this method incorporates a procedure.by which the majority of
samples.are prepared by an indirect technique with a subset prepared in tandem by a direct
technique. This facilitates evaluation of the relationship between structure counts derived
from samples prepared, respectively, by each technique.

21.4 Reporting Requirements

It is anticipated that soil or bulk samples to be analyzed using this method will typically be
collected to determine the asbestos content of a potential source from which asbestos may
be released (via a particular mechanism) and transported to the air (where exposure may
occur). It is also expected that asbestos release and transport will be modeled and that one
of the critical inputs to such models will be the concentration of releasable asbestos in the
source matrix. . o - ’

Results of the feasibility study for this method (Berman 1990) indicate that most of the
available models that predict releases to the air from soil or some other bulk matrix (in
association with specific release mechanisms) were designed to predict the release and
transport of respirable dust. Only a very limited number of such models have actually been
developed specifically for asbestos. The dust models may be used to predict asbestos
release and transport with minimal modification, however, provided that the appropriate types
of asbestos measurements are available.  Such adaptations rely on the following
« assumptions: ' » ‘

. the rate .of settling of respirable asbestos particles is no more rapid than the
average settling rate for respirable dust; and

. the release of asbestos and the release of respirable dust from a source matrix
are highly correlated (i.e. are proportional), at least over the long term.

The former assumption is expected to be true because fibers tend to settle more slowly in the
air than spheres of comparable mass. The latter assumption appears reasonable because, if
it were false, one would expect the source matrix to become either enriched or ‘depleted in
asbestos over time. However, such effects are not generally observed.

Many of the release models developed for respirable dust require the mass fraction of silt in
the source matrix as an input parameter. For such models, substituting the fiber
concentration of asbestos (per unit mass of source matrix) for the mass fraction of silt should
allow the model to be used to predict asbestos release (with no additional modifications).
Under such circumstances, a dimensional analysis of the model should indicate that the
outputs would now be expressed in terms of the number of asbestos structures released from
a defined area (or mass) of the source matrix per unit time (rather than the mass ‘of respirable
dust released from a defined area or mass of the source matrix per unit time). Such outputs
are then typically combined with air dispersion models to predict airborne concentrations at
locations (i.e. points of exposure) of interest. :

As an alternative, it may_be useful to multiply the respirable dust release rates (that are
predicted by a model) by a factor representing the number of asbestos structures (of a size
range of interest) per unit mass of respirable dust released from the sample. For certain
models, this approach for converting a dust model to an asbestos release model may prove
easier than the approach discussed aboye.
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- This method is desrgned to provrde results- that can be reported as the number of asbestos
structures (of a size range of interest) per unit mass of source matrix with an option allowing
the reporting of the number of asbestos structures per-unit mass of the respirable dust
released from the sample. The appropriate reporting option should be selected based on the .
specific models with which the measurements from this method are anticipated to be used for
a ‘specific pro;ect .

- NOTE )

'This method may also be used to provide an independent (qualitative) check of the -
predlctrons of specific release models in some cases. In'one of the intermediate steps
of this' method, the rate of release of respirable dust from the sample is determined.

" This can be compared to the. rate of release predicted by a release model. The-
relative magnitude of the release rate observed using this method and the release rate
‘predicted by a model should be consistent with that expected based on the relative

, aggressweness of the type of disturbance applied to the sample during measurement

" using this method and the type of disturbance associated with the field activity (i.e.

, vehlcular traffic, excavatlon w1nd entralnment etc.) represented by the model. - bo—

22 . tASBESTOS CONTAINING MA I'ERIALS TYPICALLY ENCOUNTERED AT
: SUPERFUND SITES :

Asbestos contamlng materials commonly encountered at Superfund Sltes lnclude

| natural rocks that contaln asbestos

*

. sorls contamrng natural asbestos generated from weathered rock
. e ~ soils containing asbestos introduced by transport from other Iocatlons; :
+  mine or mill tailings (.e. fractured'or depleted rock);
.« discarded asbestos wastes, rncludlng (for example) o » B N
. asbestos/cement pipe; - ’
- roofing materials;

-~ insulation materials; and

+ ~ soils containing discarded asbestos wastes.

)




This method is designed specifically to handle the above materials (with the exception of
unfractured rock3) and may be applied generally to samples. of any unconsolidated or
friable* matrix. ‘ | '

2.3 REQUIREMENTS FOR FACILITATING REPRODUCIBILITY BETWEEN
LABORATORIES : : : o

Results of the feasibility study for this method (Berman 1990) indicate that, for a method for
the determination of asbestos in soils and bulk materials to adequately facilitate
reproducibility between laboratories that might offer the method commercially, the following
requirements must be satisfied: ' S :

. preparation steps in the procedure have to be kept simple and must be
standardized and documented sufficiently to allow technicians in different
laboratories to perform them invariably (i.e. objectively); and ' '

. the representativeness of a sample (i.e. the degree with which the sample retains
the characteristics of the matrix from which it is derived) has to be preserved
throughout all stages of handling, preparation, and sub-sampling that are
‘incorporated into the method.

To address each of the above requirements, the ability to homogenize the sample has to be
maintained throughout all stages of sample preparation and handling, and dust generation
satisfies these requirements. In addition, dust generation is incorporated into this method-as .
the means of extracting the respirable fraction of releasable asbestos from bulk samples in a
manner that can be performed invariably; it is a mechanical process that can be controlled
objectively by specifying the design and the operation of the equipment to be used for dust
generation. : ) '

Use of a dust generator eliminates most of the sample manipulation steps typically performed
manually (and subjectively) for other bulk asbestos methods. More importantly, it eliminates
the need for sub-sampling of amounts smaller than approximately 100 g, which is a mass that
is large enough to be sub-sampled reproducibly (by following specified procedures). A 100 g
sample is also sufficiently large to retain representative characteristics of all components of a-
sampled matrix in which the particles are smaller than approximately 1 cm in diameter.

Results of the feasibility study (Berman 1990) indicate that the ability to homogenize an
unconsolidated bulk sample (in preparation for sub-sampling) is a direct function of the
largest particle in the distribution of component particles; to allow representative sub-sampling
of such a matrix, the largest particle must represent no more than a few percent of the total
mass of the sample. Therefore, because the final sub-sample to be extracted in this method
is on the order of 100 g, the largest particles that can remain in. the sample prior to sub

It is assumed that any asbestos imbedded in unfractured rock can be considered to be non-releasable. If there is a
desire to evaluate the release of asbestos from the surface of such rock (or the potential for release of asbestos from the .
rock as it becomes fractured in the future due to aging or disturbance), conceivably, a sample of the rock might be
crushed to particles no larger than 1 cm in diameter (see text) and a sample of the crushed rock might then be
analyzed using this method. However, no formal protocol has been developed for this procedure at this time.

As used here, the term friable is intended to mean any material that can be crushed or déformed with the hand with the
attendant release of fibers. ‘ .
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- sampling must be no larger than 2 or 3 g. Assuming a typical density for silica type materials
(i.e. 2.6 g/cc), the largest particle that can be retained while allowing 100 g samples to remain
representatlve of the sampled matrix is™ approximately 1 cm (3/8th lnch) in diameter
(4/3nr *density = 1.4 g). Consequelntly, this method rncorporates a step in Wthh samples
- are sreved to remove partlcles larger than 1 cmin drameter5 : v

) It must be emphaS|zed that the partrcles larger than 1-cmin drameter that aré removed from
“the sample by sieving in this method are not discarded. ' Rather, both the fraction passed by
the ‘sieve and the fraction retained by the sieve are weighed and the weights recorded so that:
the asbestos. content measured can ultimately be reported as a function of the total mass of
the initial sample (i.e. the asbestos concentration measured in the method is multiplied by the
ratio of the total mass of the original sample collected and the mass of the fraction of the
sample analyzed) The larger particles do not need to be carried through the entire analysis,

however, because it is. unlikely that srgmfrcant amounts of the releasable asbestos in a’

sample resnde in the coarse fractron : - g

t

2.4 COST CONSIDERATIONS

To .be. useful,,lt was determrned that the cost of an mdrvrdual analysrs usrng this method
would have to be competltlve with other methods that might be used to derive comparable
information. In fact, once a laboratory invests in the construction of a dust generator to
support the method and procures the required ancillary equipment, it is expected 'that the -
cost of analysis using this method will be very competitive with other soil or bulk methods
(that might be designed to provide :similar -information). This is because use of the dust
generator effectively concentrates asbestos from the sample (by removing the non- respirable
component). .Such concentration allows higher loadings on specimen grids so that smallers\ :
areas need to be scanned with the TEM to complete an analysis. ce

It is expected that sample preparatlon usmg the dust generator will cost approximately $400°
(twice what it costs to complete the preparatlon of an air ‘sample using an indirect transfer.
technique).. This cost, however, is- expected to be more than compensated by the
corresponding reduction in’'cost for TEM scanning time, which is reduced due to the ability to

scan more highly concenirated samples (see above). It is therefore expected that the total

"cost of an analysis using this method may run between $900 and $1,500, which should be~
competitive with any other soil or bulk method that is designed to provide comparable
information. This cost is approximately 10 to 15% higher than that for the analyS|s of an air
sample in Wthh comparable structure size mformatron is recorded :

lncorporated into this method (as an option) is a compositing procedure that can. be used to
-reduce significantly the number of bulk analyses that might otherwise be required to
adequately characterize a source matrix from which asbestos' may be released (Section 8.3).
Recognizing that airborne exposure due to emlssrons from a. source matrix tend to be the
result of average emissions. over relatrvely large areas, composrtmg of samples is a

The dust generator deslgned for this method best handles samples up to‘a maximum of approximately 80 g. 'However,
- the practical difference between 80 and 100 g samples, in terms of the maximum size of the particles that can be
retained (while assuring.the ability to homogenize the sample), is not significant.

This assumes analysxs- using TEM in which comparable size and mrne‘ralog)} infofmation is recorded; methods in whrch
analysis is performed by polarized light microscopy (PLM) are not capable of provtdlng information over the complete
range of structure sizes and shapes that are belreved fo relate to risk. i . -
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particularly powerful tool that can be used in tandem with this method. By reducing the
number of sample analyses required to adequately characterize a pamcular source, the cost
of a particular investigation can be reduced correspondlngly

An additional cost saving measure.incorporated into this method is completion of the early .
stages of sample preparation in the field. This simplifies the handling and preparation
performed by the laboratory and limits the snze (mass) of each sample that has to be stored
or disposed by the laboratory. .

Handling and preparation of bulk sampies in the laboratory are dusty operatlons that require
protective enclosures. The larger the sizes of the samples, the larger the protective
enclosures required. Additionally, asbestos containing samples handled by a laboratory must
be disposed as asbestos wastes. Clearly, the larger the mass of such samples handled by
the laboratory, the greater the cost of disposal.
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3.0 OVERVIEW OF METHOD.,

a

,Samples are collected in the field acc.,ordrng to a pre -defined sampllng plan rdentn‘ylng the
number of samples to be collected and the locations from which samples are to be collected.
" Procedures for designing such a plan are .beyond the scope of this document but are .
reported elsewhere (see for example, Berman and Chesson, undated).

Any of a varlety of commercrally available samplmg equipment (i.e. trowels, shovels, augers
corers, etc.) may be used to collect samples for this method. However, they must have been
~ specified in the pre-defined sampling plan based on the nature of the material being. sampled
and the depths over which. samples are to ‘be collected. Whatever sampling technique is’
employed, the minimum size sample to be collected at each location shall be 1 kg

Once collected each- sample is brought to a central Iocatlon for field preparatlon Field
preparation steps are listed in Frgure 3-1 and discussed in detail in Chapter 8. Each sample
. is first weighed (Section 8.2.1). Then the sample is sreved .using a screen with 3/8th in.
~ (1 cm) openings to separate a coarse and fine fraction. The maiterial placed on the sieve is"
- worked with gloved 'hands to assure that- aIl fnable components pass through the screen
(Section 8.2. 2) ' -

The coarse fractron composed of material that is retalned by the screen is transferred to a -
bucket and weighed prior to discarding on site. 'The fine: fraction.is also weighed. ~As
indicated in Figure 3-1, the fine fraction is then homogenized. The procedure recommended
. in" this method for homogemzatron is repetitive splitting’ using a riffle splitter with the split -
halves of the sample being re-combined at the end of each split (Section 8.2.3). Studies
" indicate that five to  seven Jiterations are typlcal_ly sufficient’ to achieve adequate

homogenlzatlon ‘ » - : : '

- Once homogenlzed the fine fractlon is then sub-sampled usmg the rifile splitter (F|gure 3- 1) ‘
During. sub-sampling, the one-half of the sample from one of the two receiving trays is
~ discarded after each split (Section 8.2.8) and the second half of the sample is then re-split.
The process is repeated until sub-samples welghmg between 50 and 80 g are: produced in
. each of the two receiving trays. The material in each tray is then transferred quantrtatlvely to
a sample botile, packaged and shipped to the laboratory

Sample handlmg, prepara’uon and analysrs in the Iaboratory is deprcted in Frgure 32 and_‘ '
~desctibed in detail in Chapter 9. Once sub-samples: werghlng between 50 and 80 g are .
obtarned they can be separately prepared and analyzed (Section 9 2)

‘To prepare samples as indicated in ’IFlgure 3-2, first load the sample into the tumbler of a -

dust generator. The design, construction, and operation of a dust generator suitable for use
with this method is provided in appendix A. .The sample is then conditioned by flowing
humidity- controlled air through the tumbler and over the sample for. several hours (Section
9.4.2). ' .

Once the sample is condrtloned the tumbler of the dust generator is started and a sample

run is initiated (Section 9.4.3). During each run, a series of filters_is collected continuously

from the top of one of the openings of the dust generator and these are weighed to plot the
‘cumulative dust Joss from the sample (Section 9.4.4 and the right side pathway of Figure 3-2).
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While the dust generator is operating, a second set of filters is also collected over the
opening.of the dust generator that articulates with an isokinetic sampling tube (the center
pathway of Figure 3-2). These are collected such that loading is appropriate for specimen
grid preparation using a direct transfer technique (Section 9.4.5). S

Asbestos structures are also trapped in the suspension of a scrubber during each run of the
dust generator (the left side pathway of Figure 3-2). The suspension is then diluted
appropriately and filtered to create an additional set of filters from which specimen grids will
be prepared for asbestos analysis (Section 9.4.6). However, because asbestos structures
derived from this process will have been suspended in the agueous environment of the
scrubber suspension, preparation of grid specimens from filtered scrubber suspension -are
considered to have been prepared in a manner that is equivalent to an indirect transfer
technique. : : : ' :

Next, as indicated in Figure 3-2, TEM specimen grids are prepared using a direct transfer
technique from the filters collected either from atop the isokinetic sampling tube of the
elutriator or from filtering scrubber suspension (Sections 10.1 and 10.2). Specimen grids are
then analyzed using the counting and identification rules of the International Standards
Organization (ISO) Method for the determination of asbestos in air using an indirect transfer -
technique (Chatfield 1993) with the stopping rules modified as indicated in Section 11.1.

Calculations are performed from plots of the cumulative dust loss (Section 11.2) to estimate
both the mass of dust co-collected with asbestos on the filters prepared for asbestos analysis
and the total mass of respirable dust in the original sample. Dust estimates. are then -
combined with asbestos counts to allow reporting of both the concentration of asbestos
structures per unit mass of respirable dust in the sample and the concentration of asbestos
structures per unit mass of the original sample (Figure 3-2)7. Typically, asbestos
concentrations will be reported from this method for a specific size range of asbestos
structures of interest. -

When asbestos concentrations are to be reported as a function of the mass of the original sample, the concentration
calculated in the laboratory, which represents the concentration of asbestos in the fine fraction of the original ‘sample,
must ultimately be adjusted to account for the mass of the coarse fraction of the sample as well (Section 11 4.3). '

7
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'4.0 DEFINITIONS

Amphlbole a group of rock- -forming ferromagnesrum srhcate mrnerals closely related |n
crystal form and composrtron and having the nomrnal formula:

’

* Ag4B,CsTg0s(OH, F, Ch)y

A =K, Na;

B = Fe2™, Mn, Mg, Ca, Na;
C = A, Cr, Ti, Fe®t, Mg, Fe?*;

T=S8iA,Cr,F3",Ti. ~
_ In some varieties of amphibole, these elements can be partially substituted by Li, Pb, or Zn.
Amphibole is characterized by @ cross-linked double chain of Si-O tetrahedra with a silicon: -
- oxygen ratio of 4:11, by columnar-or fibrous prismatic crystals and by good prismatic = _
cleavage in two directions parallel to the crystal faces and rntersectrng at ang!es of about 56° :
and 124° (see Chatfreld 1993) : »

| ,Amphrbole Asbestos amphrbole in an asbestn‘orm habrt

, "vAnaIytrcal Sensitivity: the calculated asbestos concentratron in soil or a bulk matrix, in
, asbestos structures/g, equrvalent to countrng of one asbestos structure in the analysrs

Asbestlform a specific type of mmeral frbrosrty in WhICh the frbers and frbrrls possess hrgh
tensile strength and ﬂexrbrlrty -

Asbestos: a term applied to a group of fibrous smcate mrnerals that readrly separate rnto‘
‘thrn strong frbers that are ﬂexrble heat resrstant and chemically inert. - o

Asbestos Component a term applled to any mdlvrdually |dentmable asbestos sub-structure
thatis part of a larger asbestos structure

Asbestos Structure: a term applred to any contlguous grouplng of asbestos f bers wrth or
without equant partrcles . . : :

' Aspect Ratio: the. ratio of the length to width of a‘particle '

‘Blank: a fiber count made on TEM specrmen grrds prepared from an unused filter (or a frlter -
through which - asbestos-free water "has “been, passed), to determine the background
measurement. Blanks consist of filter blanks; freld blanks and laboratory btanks Laboratory
blanks for this method may rnclude scrubber blanks.

. Bundle: ‘a fiber: composed of parallel ‘smaller drameter fibers attached along therr Iengths
: (see Chatn‘reid 1993). " :




Chrysotile: the asbestlform habit of a mineral of the serpentrne group that has the nominal
composition: :

Mg3Si205'(OH) 4

In some varieties of chrysotile, the silicon may be partlally substituted by Al or less commonly
by Fe. The magnesium may be partrally substituted by Fe, Ni, Mn or Co. Some varieties
contain Na, Cl or both. Chrysotile is a highly fibrous and silky variety and constitutes the
most prevalent type of asbestos (see Chatfleld 1993). ‘

Cluster: an assembly of randomly oriented fibers (see Chatfield 1993).

Component Count: for any sample, a tally .that includes . the individually identified
components of complex asbestos structures and each single asbestos structure with no
identifiable components '

Elutriator: a device in which dlfferentlal flow through a fluid (gas or liquid) against an
opposing force (i. e. gravity) is employed to separate particles by size.

Equant Particle: as used in this document, a non-asbestos partlcle bound to, or overlapping
with, asbestos structures observed on a TEM specrmen grid. -

Fiber: an elongated particle that has parallel or stepped sides. In this method a fiber is
defined to have an aspect ratio equal to or greater than 5:1 (see Chatfield 1993). ‘

Fibril: a single fiber of asbestos that cannot be further separated longitudinally into smaller
components without losing its fibrous propernes or appearance

Fibrous Structure. a contiguous grouprng of flbers, wrth or without equant particles.

Field Blank: a filter cassette that has been taken to the sampling >|te opened and then
closed. Such a filter is analyzed to determine the background asbestos structure count for
measurement and to document the treatment of the filter from sample collection through
analysis. :

Filter Blank: ' an unused filter that is analyzed to determlne the background asbestos
structure count on the filter matrix. A o .

Friable: as used in this document, capable of being crushed or deforrned with the hand with
" the attendant release of fibers. :

Habit: the characteristic crystal form or comblnatlon of forms of a mineral, including .
characteristic rrregulantres

Identify: during asbestos analysis, the use of a sequentral set of procedures to determlne
and confirm the mineralogy of a structure A

Isokinetic Sampling: sampling air in such a manner so as not to disturb the dlrectlon or
velocity of air flow at the point sampled. :




Isokinetic Sampling Tube: a tube placed in the air flow of the vertical- elutnator portion of the
~ dust generator used in thls method, Wthh samples the air at the top of the elutriator
v lsoklnetlcally : :

; Laboratory Blank an unused filter that is analyzed along wnth sample fllters to determlne the
. background. asbestos structure count in the laboratory. : : :
- Matrix: 8 "A connected assembly of asbestos fibers with partlcles of another spemes (non-'
- asbestos) (see Chatfleld 1993) ‘ - S

PCM Equnvalent Structure:- A structure of aspect ratlo greater than or equal to 3:1, longer
“than 5 pm, and which has a mean diameter between 0.2 pm and 3.0 pm for a part of its
length greater than 5 pm.  In this method, PCME structures also must contain at least one
asbestos component (see Chatfield 1993). '

‘Riffle Splitter: a devrce composed of a hopper and multiple, unlform parallel chutes that
: aIternately feed from the hopper to.opposing recelvmg trays '

’ »Scrubber. a devrce for removing particles’ from an air stream by passing the air stream
through a super-saturated vapor in which the particles serve as nucleation centers. for
condensation and.are thus captured. The resulting droplets (contalmng the trapped partlcles)
then fall back into-a central reservoir. of boiling liquid. , . '

' Serpentine: a group of common rock-forming minerals havlng the nominal formula:
Mg,Si,05(0H), -

: Serpentlne deposnts often contaln chrysotlle asbestos (WhICh is serpentlne in an asbestlform
hab|t) . : : -

StructurevCount: for any sample, a tally of each’ individually ‘identified asbestos structure"
regardless of whether the structure contains identifiable components. This is equivalent to a’
“count of the total number of separate asbestos entities encountered on the sample.

Vertical Elutriator: see Elutriator.

Tumbler: as devlce that is rotated to provide continuous agitation to a buik material placed
inside. In the dust generator employed _in this method, air is blown through a tumbler
contamlng sample to carry away the dust generated dunng agltatlon by the tumbler. '

Ef -When used to describe an asbestos structure. The term is also used in thxs document to descnbe a heterogeneous
bulk solid. :
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5.0 SYMBOLS AND ABBREVIATIONS

‘51 SYMBOLS

A - - the area of a filter from which a specimen grid is prepared (mmz).
Ago - th’e‘average area of a specimen grid opening (mm2)‘
Coust -  the concentratlonl of asbestos structures (of a deflned size and type) in
. _the resplrable dust from a sample (s/gdust) :
C .- the concentration of asbestos structures (of a defined size and type) in-

mitrx Paa )
P - the original field matrix that was sampled for analysis using this method.

Csmp[ - the concentratlon of asbestos structures (of a defmed size and type) in‘a
soil or bulk sample (s/g) o

CcF - - the coarseness cldjustment factor representlng the ratio of the mass of
' the fine fractlon to the total mass of a matrix that is sampled in the field.

cm - centlrneter (10 meter).

cm? L square centimeter. ",: o

“cm® » - cubic centimeter.

c'm3/min . cubic centimeter;per minute. .
. :,d . ] the density ofa partlcle (g/em®).

lI)F l‘ .- the dilution factor representmg the ratio of the scrubber suspensnon

volume to the allquot that is filtered to prepare specrmen grids.

°c - degrees centlgrade.
K . degrees Kelvin. - ’
AM; - ~ the mass of resplrable dust collected on a srngle fllter durlng the lnterval ‘
| At (g)- S o T :
CAMg - the mass of resplrable dust released from the sample dunng the mterval
‘ At (g).
At = ashort tlme interval (no more than 10 mlnutes) ) o L
n - the dynamlc vrscosrty of air (g/cm*s) R : - N

eV - - - -electron volt.

-t

5-1




g/L
| g/cm
hp
k
kg
kV
in
L
L/min

M

coarse

the rate of airflow (i.e. the volumetnc flow rate) through the top exit (ME)
opening of the elutnator that does not pass through the isokinetic
sampling tube (cm /s)

the rate of arrﬂow (i.e. the volumetric flow rate) through the top exit (IST)
opening of ‘the elutnator that passes through the isokinetic sampllng
tube (cm /s)

the’ rate of arrﬂow (i.e. . the volumetrrc flow rate) through the scrubber
(cm /s)

foot.
gram. ' ‘ -

the accelera’uon due to gravity (cm/s ), when used as a variable in an -
equation. : ‘

gram per liter.

gram per cubic cenrimeter.
horsepower.

the first order rate constant (s'1).

kilogram (1 bs'g.ram).

kilovolt.

inch.

liter.

liters per minute.

the mass of the coarse fraction of a matrix sampled in ’rhe field.

the cumulatlve mass of respirable dust collected on filters from the start
of arun to time, t (g). :

the cumulative mass of resprrable dust collected on filters durmg an
entire 30 rpm run (g).

- the mass of the fine fraction of a matrix sampled in the field.

the mass of respirable dust in a sample at the start of arun (g)

the cumulative mass of respirable dust released from a sample from the
start of a run to time, t (g). :
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M

S

M

.scrbr

M

sample

Mtot

mi
mm

mm2

ng
gm

Ngo

Ngoh

gol

nm

Sch

cl

’ the mass of respirable dust remammg in a sample durmg arun but after

tlme t(g)
the mass of respirable dust collected in the sctubber during arun (g):
the mass of a sample lntroduced lnto the dust generator (g)

I

the total mass of respirable dust estimated to reS|de ina sample k(g)
mllhhter (1 03 L) | |

millimeter (1 0® meters). -

square millimeter. :

microgram (10 > grams). -

mlcrometer (10 meters) |

the number of gnd openlngs counted dunng a scan (#).

the number of gnd openings ‘counted dunng a -hlgh magnification scan
(#) ’ - - .

the number of gnd opemngs counted dunng a Iow magnn‘lcatlon scan
(#). - :

)

nanometer (10~ meter). .

the pressure measured.at a flfowmeter‘(torr). '

“the pressure estimated at an elutriator opening. (to'rr)“.

the mass percent of respirable dustin a sérnple (%).
the radius of a particle (cm).

the coefhcuent of determmatlon (also deflned as- the correlatlon
coefﬁcnent squared) :

the flow reading from a flowmeter (cm/s)..

the number of asbestos stru'ctUres (of a defined size and type) counted
during a h|gh mdgnlﬂcatlon scan (#) ' o

the number of asbestos structures’ (of a deﬂned size and type) counted
dunng a low maqnmca‘uon scan (#). :

the number of asbestos structures that must- be detected dunng a TEM
scan for asbestos to be defmed as detected (#) :
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5.2

Ssmpl - the requrred analytlcal sensitivity for this method (defined separately for
. total and long asbestos structures) (s/g).
s - second. | u |
- S/g - structures per gram.
S/94ust structures per gram of dust.
S/L - structures per liter.
S/mm? - structures per square rrrillkimete“r.
t - time(s).
T; - the temperature at a flowmeter (°K) )
T - the temperature at an exit openmg of the elutnator (°K).
Vaq - the volume of the first aliquot collected from the scrubber suspension to
be used for further dilution (ml). '
Voo - the volume of the final ahquot collected from Vg4, which is filtered for the
’ preparation of specimen grids for TEM analysrs (ml)
Vy - the volume lnto which the first ahquot from the c,crubber suspensnon is
diluted (ml).
v, - linéar air flow rate (cm/s)
Vg - the volume of scrubber suspensron generated from a run (ml)
Vy - the volumetric air flow rate (cm3/s)
W - watt.
ABBREVIATIONS
ED - Electron diffraction
EDXA - Eneréy dispersive X-ray ‘analys_is
FWHM - Full width at half maximum
HEPA -  High efficiency particle absolute |
IST - refers to the opening at the top of the elutriator that is ass_ccieted with
the isokinetic sampling tube
MCE - Mixed cellulose ester




ME - refers to the main exit openlng at the top of the elutnator which is not
assomated WIth the 1sok|net|c samplmg tube

..PCM. ; - Phase contrast optlcal mlAcroscopy

- PCME | - Phase contrast‘microscopy ‘equ‘ivaie'nt‘ v
PLM -  Polarized ligh‘f microscopy:
RF;M‘ - Revolutlons per minute |
'SAE‘VD - Selected area electron dlffractlon
TEM - Transmission electron mlcroscopx , ’
TSP - '_Total" suspended‘perti.cﬁl.rllatel '

. UICC - . Union Internationale Contre le Cancer

}







61  SAMPLE COLLECTION EQUIPMENT AND CONSUMABLE SUPPLIES

6.0 FACILITIES AND EQUIPMENT

To complete field samplrng per this method the followrng freld equrpment is mandatory

e,

survey equrpment approprrate to the manner in Wthh sample locatrons are to be‘
defrned per the sampling plan;

approprlate trowels, shovels augers or corers for sample collection | per the '
samplmg plan S

(when samplrng surface materrals) a 12 in square alumrnum template with an 8 rn: :
square hole in the center; :

a minimum of three 3-gal plastic buckets;

a brass or steel sieve’ with 3/8 in. (1 cm) openings;

. a field balance (wrth a capacrty of 40 kg and capable of achlevrng a precrsron of
+ 10 g) : k

-~ a field balance (wrth a capacity of 2 kg and capable of achrevrng a precrsron of
" +02g)° - _ ‘

'a riffle splrtter with -a mmrmum of 24 3/4 in. (mrnlmum srze) chutes and three

sample trays

one'L plastic Sample-contalners; L ‘ S

sufficient plastic coolers to store and ship samples at ice temperature;

‘equrpment for cleaning samplrng tools rncludrng
- . large buckets and tubs;

N

-, a container of asbestos-free water,

- . - garden sprayers; .

bio-degradable detergent;
assorted asbestos-free rags, sponges, etc

- anair compressor wrth HEPA filter (optronal for dryrng equrpment);’v

field Iogbook and appropriate custody forms and sample labels; '

‘assorted garbage bags, paper towels, and tape; "

"‘Tyvek suits and,protective gloves; and - g ' o , ~

if approprrate equrpment is avarlable it is advantageous to use a. smgle freld baldnce to achleve both sets of capacity

and precrsron requirements for field weighing.
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. appropriate equipment for respiratory prbtection.
6.2 LABORATORY FACILITIES
Laboratories Wishing to adopt this method must develop and maintain the following facilities:

. a properly ventilated room for bulk samplé handling that is entirely isolated from
other room(s) in which air samples are handled and asbestos samples are
analyzed.  All such facilities must be sufficiently well ventilated to allow
preparation of blanks that yield background determinations satisfying the
requirements of Section 10.6 of the Superfund air method (Chatfleld and Berman
1990);

. a glove box or equivalent isolation chamber of sufficient size to house a riffle
splitter (or other equipment) required for the homogenization and sub-sampling of
samples for this method. The glove box or isolation chamber must provide
ample room for handling kg size soil or bulk samples while maintaining
background concentrations in the outside room air at levels considered
acceptable as defined in Section 10.6 of Chatfield and Berman (1990);

. a dust generator constructed per the specifica’gioné provided in Appendix A;

. a TEM operating at an accelerating potential of 80-120 kV, with a resolution
better than 1.0 nm and a magnification range of approximately 300 to 100,000.
The ability to obtain a direct screen magnification of about 100,000 is’ necessary
for inspection " of fiber morphology; this magnification may be: obtained by
supplementary optical enlargement of the screen image by use of a binocular if it
cannot be obtained directly. The TEM shall also -be equipped with an energy
dispersive X-ray analyzer capable of achieving a resolution better than 175 eV
(FWHM) on the MnK, peak. For requirements concerning screen calibration and
SAED and ED performance see Chatfleld and Berman (1990); and

. a computer system for recording analytlcal results.” As mdlcated in the section
addressing reporting requirements (see Chapter 13), analytical results are to be
provided on computer disk (either 3.5 inch or 5.25 inch in double sided or high -
density format) in a f|le format that is compatible with LOTUS "ASCIi files are
acceptable ‘ .

6.3 THE DUST GENERATOR AND APPURTENANT EQUIPMENT

The dust generator is to be constructed per the design drawings and specifications provided
in Appendix A. Appurtenant equipment required to support the dust generator includes:

. a 128 hp DC motor (rated for 0 to 139 rpm) to drive the turﬁbler'

. two vacuum pumps capable of drawmg 20 L/min at minimum load (will be run at
1 to 2 L/min);
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«  iwo vanable area flowmeters capable of readlng volumetric airflow velocrtres up to
1500 mi/min and one vanable area flowmeter capable of readrng airflow up to
- 250 mi/min;

e . a heatlng mantle and variable voltage transformer surtable for marntammg water
ataboilina1lL round bottom flask; and

.. an immersion pump and cooler (or equrvalent system) of sufficient oapacrty to
" provide 0° C water at a rate of 1.0 2 L/min.

64 SPECIMEN PREPARATION EQUIPMENT

" As defined in the ISO Method for the determrna’uon of asbestos in air using an rndrrect
. transfer technique (Chatfield 1993) :

”6.5 ‘ OTHER LABORATORY EQUIPMENT

As defrned in the ISO Method for the determmatron of asbestos |n air usmg an rndrreot‘

transfer technlque (Chatfield 1993) ‘
6.6 CONSUMABLE/REUSABLE LABORATORY SUPPLIES

For eaoh run of a sample using the dust generator:

e a lot of fifty MCE filters (0.45 pm ore sxze 25 mm) that exhibit no more than

10 s/mm2 asbestos as background ; and -

. forty plastrc petn drshes for storlng 25 mm frlters

' 'Also other rtems as deflned in the ISO Method for the determlnatron of asbestos in air using

an lndlrect transfer’ technlque (Chatfield. 1993)

10’
_ constitute asbestos frorm a sample.
:” This Inclu‘des a supply of MCE filters (0.22 um poré size) for filtering scrubber suspension;
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7.0 REAGENTS

To sujpport use of the dust generator the following reagents are required'

e

"« asbestos-free water (a regular supply of freshly drs’ulled filtered water must be
v avarlable) _ : '

-

o pOtassium carboriate dihydrate kanalytical grade)’vz;', and

. sodium hexametaphosphate (analytical grade).

Also, reagents required to eupport asbestos analysis are deflned in the ISO Method for the
determmatron of asbestos in air usmg an mdlrect transfer technlque (Chatfleld 1993).

WARNING - USE ALL REAGENTS IN ACCORDANCE WITH THE APPROPRIATE HEALTHf
AND SAFETY REGULATIONS

12 Thrs salt is required for loadlng mto the constant humrdrty chamber and the desiccators to be used for conditioning

filters under the recommended default conditions for rinning the dust generator.” A supply of alternate salt (analytical

~ grade) may be employed for studies in which dust genera’ﬂon 1s to be performed at a relative humldlty other than the
default recommendatron (see Sectron 9.3.2).







8.0 SOIL OR BULK SAMPLE COLLECTION

Sample collection procedures adopted for this method are flexible to allow adequate sampling
“of a broad variety of matrices. ' The method also incorporates several field preparation: steps.
that dre designed to preserve sample representativeness while reducing the mass of the -
.samples sent to a [aboratory for analysis. Controlling the mass of the samples sent to a
laboratory from the field is a cost savmg measure (see Section 8.2).-

WARNING: |
NIOST'OF THE SAMPLE COLLECTION PROCEDURES AND FIELD PREPARATION
PROCEDURES DISCUSSED IN THIS DOCUMENT ARE INHERENTLY DUSTY
OPERATIONS. . THEREFORE, WHEN HANDLING SOILS OR BULK MATERIALS
' THAT ARE KNOWN TO CONTAIN OR POTENTIALLY CONTAIN ASBESTOS, IT IS

IMPERATIVE THAT PROPER RESPIRATORY - PROTECTION BE WORN WHILE -
CONDUCTING THESE PROCEDURES.

8.1 SAMPLE COLLECTION

Any vanety of commercially avarlable field samphng equrpment (trowels shovels augers
‘corers, etc.) may be used to collect samples for this method. The equrpment and
‘procedure(s) selected should be based on the nature of the material being sampled and the
. depths_over which samples are to be collected.” Two common ‘examples are presented,
below. . Whatever equipment and procedures are chosen however shall be applied -
consistently and lnvanably at each sampling loc:a’non13 : o T

Whatever tec’hnique is chosen-, the minimum ‘slze sample that shall be collected at each
"~ sampling location shall be 1 kg. Larger samples may be required, however, " if particularly
large (i.e. larger than a 4 or 5 cm in diameter) rocks or debris are present in the material
being sampled. - " To assure - representativeness, the largest component sampled should
" occupy no more than a few percent of the volume of the sample collected (Section 2.3). If
- samples are to be composited (Section 8. .2), they shall be of similar mass (i.e. differences in

mass between composrted samples shall be no larger than 10% of the mass of the smallest .
_sample). . | ‘

. Locations from which soil or bulk samples are to be collected shall be selected formally- as part of a comprehensrve
strategy that is designed to provide a representatlve (unbiased) set of measurements for characterizing the releases of
asbestos from the entire source matrix of interest. Procedures for designing such a strategy are beyond the scope of

' thls document but are available elsewhere {see, for example Berman and Chesson undated).

It is particularly eritical, when collecting samples for soil or bulk asbestos analysis, to minimize field decisions that might
alter the locations for sample collection that have been selected as part of a formal strategy. Such locations should be
-representative of the variation of all characteristics of the sampled matrix that might affect asbestos release. It is
- inappropriate, for example, to adjust the location of a sample just because a large rock happens to be located within
- the footpnnt over which the sample is supposed to be collected; the presence of-that rock as part of that sample helps
to represent the fraction of the surface of the sampled matrix from which asbestos release cannot occur.

When used to represent the central charactensﬁcs of a large matrix, random of systematic: sampling-schemes depend
on faithfully preserving the consequences associated with the choice of each. sampling location. In general, therefore, it
is not approprate to alter the selected locations even if collection of a sample at a specific location is impossible..
Rather than altering. such a locatlon any difficulties or lnterference that may hinder sample collectron at a defined
location shall be noted in detall in the fleld log book. :
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All sampling equipment shall be washed thoroughly with water and detergent between
collection of each sample. Sampllng equipment shall then be rinsed thoroughly with filtered,
distilled water and allowed to air dry. Forced air may be used to expedite drying. If-forced air
is to be used to facilitate drying, however, such air must be passed through a HEPA filter to
prevent delivery of any potential contamination.

Record the identification number the date, time, and method of collection for each sample in
a field notebook. Record the.locations from which each sample is collected in the field
notebook. Note in the logbook any changes between the sampling locations proposed in the
sampling strategy and the actual locations sampled. As indicated previously, such changes:
are to be avoided to the extent possible. If changes are absolutely necessary, clearly
document the rationale behind each change. ’

Supplement written documentation with photographs of each ‘sampling location. This is
particularly important if the sampling locations are not laid out on a formal, documented
sampling grid that is tied to a permanent field marker. :

8.1.1 Samplmg to Derive Estimates of Asbestos ‘Concentrations in a Road
Surface

To illustrate the important features of sampling for this method, assume that sampling is to be
performed to determine the concentration of releasable asbestos in the material of a
serpentine-covered road. In this case, it is assumed that measured asbestos concentrations
are to be related to current emissions so that it is only the actual surface layer of the road
that is of interest.

Sampling a road surface shall be conducted using a metal template to define the bounds of
each sample and a trowel (or other digging device) to remove material within the template to
a uniform depth of 0.5 in. (approximately 1.5 cm). To assure that the samples collected ‘
exceed 1 kg in mass (assuming a density for unconsohdated serpentine of 2.2 g/cm ) the
sample volume should be a minimum of 450 cm® (28 in ) Assuming, as indicated above, that

each sample will be excavated to a uniform depth of 0.5 in., an 8 in. quare hole in a 12in.
aluminum template works well. '

At each selected samplmg location, center the template on the defined location and press it
firmly against the ground surface. Carefully excavate the material within the template to a
unlform depth of 0.5 in. and place the material in a clean, pre-weighed bucket (see- Section
821) Transport the sample to a central location on the srte where field preparation
(Sectron 8.2) will be performed

8.1.2 Sampling a Mme Tailings Pile to Derive ’ Estlmates of Asbestos
Concentrations Within the Pile . : .

As a second illustration of sampling to support this method, assume that sampllng is to be
performed to determine the concentration of releasable asbestos in the material of a mme

¢ Depending on conditions encountered, it may be necessary to remove surface debris (such as leaves or foreign dust)

from an area prior to sampling. The determination as to whether or to what extent surface debris needs to be réemoved
prior to sampling should be based on careful inspection of the sampling location and review of the motivation for
sampling. Surface debris should generally not be removed unless such material is clearly distinguished visually from
the matrix material o be sampled. B
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tallmgs plle Assume further that the goal is to predrct long-term emissions from the prle
based on the asbestos concentrations measured. In this case, it is the concentratron of
. asbestos within the volume of the entire prle that is of rnterest

For the assumed. tarlrngs pile, conduct sampling using a hand auQer (if the pile is no thicker
“than a few feet) or a power auger or other drrllrng equipment (if the pile is significantly thicker
than a few feet). ' A coring cylinder that is 12 in. long and 2 in. in diameter (assuming an
average density for the pile material of 2.2 g/cm3) yields a sample of approximately 1.4 kg.
~ Such a cylinder shall be collected from each location (defined in 3-dimensions: longitude,
latitude, and depth) that is selected for samplrng within the pile.

Cores shall be drrven untrl therr mrd point overlres the proposed sampling location. Collect -
the core carefully from each selected location, being sure that the entire core is extracted
from the pile. Transport the sample to a central location on the s1te Where freld preparation '
(Sectron 8.2) will be performed : :

8.2 FIELD PREPARATION -

Although the following activities might conceivably be conducted in the Iaboratory (followrng )
collection and shipment of kg size.samples), to minimize the mass of samples sent to the
laboratory and thereby reduce costs, the following field preparation activities are incorporated
into this method. For special cases, assuming that the laboratory of choice has access to the
required equipment in the required protective enclosures these activities may be conducted
~inthe laboratory rather than in the field. ,

Per the rnstructrons in-the followrng sections, samples that are collected as deflned m Sectron
8 1 are to be: : ; :

‘ "ov .weighed'
e | sreved to separate a coarse and fine fraction;
‘. ' the coarse and fine fractrons are to be. werghed
+ the flne fractlon is to be homogenlzed and split; and

, . each of the two final sub-sample sphts of the flne fractron are to be werghed
. packaged, and shrpped to the laboratory (as parred duplrcates)

8.21 | Welghrng
As rndrcated in Section 81 .samples shall be’ transported in clean pre—werghed buckets from

- the locations at which they were collected to a central location for field preparatlon The-first
step of the process shall be to weigh each sample ‘ . s

Kg' size samples are to be weighed ‘using a field scale capable of reading mass with a
- minimum precision of = 10 g. [f necessary, wipe the outside surface of ‘each sample bucket
. with a clean, dry (asbestos free) cloth, before placing it on the scale (Figure 8- -1). Record the

‘mass measured fof each sample (along with its |dentrfrcatron number) in a field notebook and
, subtract the tare werght of the bucket to derive the net welght of the sample.




FIGURE 8-1
WEIGHING A SOIL SAMPLE ON A FIELD SCALE
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* Following size reduction (Section '8.2.2), both the coarse and fine fractions of each 'sample -
are. to be weighed again. If necessary, wipe the outside surfaces of the buckets containing -
each size fraction with a. clean, dry (asbestos free) cloth before placing it on the scale..
‘ Record the measured weight for each fraction in the field notebook under the appropriate
‘sample identification number. Subtract the tare welght of each bucket holding, respectively,
- thé coarse and fine fractions from the sample and record the net welghts of each in the fleld v
notebook o

‘Followrng homogemza’uon and spllttlng (Sectron 8. 2 3), sub-samples that are to be sent. to the
laboratory are to.be weighed yet again. in this case, sample weights are expected to range
between approximately 50 and 80 g (see Section 9.1) and will need to be measured on a
scale that can achieve a precision of = 0.2 g.. Depending on the types of equipment
‘available to the sampling team, this may or may not be the same scale that is used for
weighing the initial (heavier) samples. When sending 50 to 80 g splits to the Iaboratory, both
halves of the fmal sample spllt shall be sent to the laboratory as a dupllcate palr o .
* Wipe the outside surface of each sample contalner wnth a clean dry (asbestos free) cloth
before placing it on. the scale. . Record the weight, identification number, and pedigree of -
each sample split of each duphcate pair sent to the laboratory in the field notebook (Figure
8:2)." Subtract the tare weight of each sample container from each sample and record the net
‘weight of each sample in the field notebook next to the appropriate sample ldentlfler
- Package and send each sample to the laboratory as described in Sectlon 8.4.

8 2.2 S|ze Reductlon

After collection and the- |n|t|al welghlnq (descrlbed above) pass each sample through a clean
.~ wire-mesh sieve with 1 cm (3/8th in) openings. . Reduce :all clods and soft aggregates by
.~ hand and force all reducible material through the sieve into a clean, pre-weighed bucket
. (Figure 8-3). Stones and debris retained by the sieve that cannot be hand crushed shall be

- placed in a separate pre-weighed bucket. Once _separated, the coarse and flne fractlons from

each sample are to be welghed separately (Sectlon 8.2.1).

Clean the sieve wrth detergent and nnse wrth flltered d|st|lled water- between samples Dry
the sieve with an asbestos free cloth or with appropnately flltered forced air before each use.

823 Sample Homogemzatlon and Spllttmg

: ,The fine fractlon of samples collected for this method may be homogemzed and split by
either of two procedures ) : :
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FIGURE 8-2
WEIGHING A SAMPLE SPLIT ON A FIELD SCALE







Option 1: use of a riffle splitter15. Set a clean, dry riffle splitter with 3/4 to 1.in. .
chutes (Figure 8-4) on its stand on flat ground and place two receiving trays under the splitter
so that they will each catch material that falls through one of the two sets of chutes (Figure
8-5). Place the sample to be homogenized in a third splitter tray’ (which must be clean and
dry). Shake the splitter tray gently, until the sample is evenly distributed within the entire tray.

Place the long lip of the tray containing the sample against the inside of the long lip of the
splitter hopper and slowly rotate the tray along an access defined by its lip so that the sample
slowly empties into the splitter and slides down the near wall of the hopper to the chutes
(Figure 8-5). Continue to rotate ‘the tray until it lies entirely inverted over the top of the
hopper of the splitter. . ' ‘

Tap the tray vigorously several times to free any remaining material and remove the emptied
tray from the splitter. Tap the splitter vigorously several times to facilitate the flow of all
material through the chutes into the receiving trays. [f necessary, any sample remaining
along any of the soldered corners and nooks of the splitter may be freed with a clean, coarse-
nylon brush. When brushing is completed, taP the brush vigorously against the splitter walll
to free any material clinging to the brush'®. . Remove the two receiving trays (each
containing half of the sample) from the spilitter. :

What is to be done next depends on whether the goal is to homogenize‘the sample or to split
the sample. If the sample is in the process of being- homogenized, combine the half of the
sample from each receiving tray back into the third tray from the splitter. Be sure to'tap each
tray vigorously to assure quantitative transfer of the sample material. Replace the two empty .
receiving trays under the splitter and repeat the process of splitting the sample (in the manner
described above). The sample should be subjected to a minimum of five cycles to assure’

adequate homogenization.

If the goal is to split (rather than homogenize) the sample, pour the material in one of the
receiving trays from the splitter into a spare bucket and tap the tray vigorously to assure
quantitative transfer. The remaining tray that still contains sample material now becomes the
new sample tray and the original sample tray (now empty), along with the just emptied
receiving tray, should be placed under the splitter as the new receiving trays.

Repeat the process of dispersing the remaining sample material (containing half the mass of
the original sample) by shaking the sample tray so that it is uniformly distributed. Repeat the
procedure described above for splitting the sample, discarding the material in one of the two
receiving trays each time, until the mass of the material in each receiving tray at the end of
one cycle falls in the range of 50 to 80 g. At that point, carefully transfer the material from

8 Results obtained as part of the pilot »s'.tudy for this method (Berman and Kolk 1994) suggest that some respirable dust
may be lost each time a sample is passed through a riffle splitter. If the process is conducted carefully, however, such |
loss may be kept sufficiently small so that the multiple passes required to homogenize and split a sample properly will
not significantly alter the estimated concentration of dust and asbestos derived using this method; losses should be less
than an absolute maximum of 10 to 15% of the total respirable dust in the sample after as many as 10 passes.  Because
the estimate of the magnitude of loss was necessarily based on measurements -of samples that had to be suspended in
water, however, actual losses for most cases are expected to be much smaller.

One important consideration: avoid using the splitter in the field on windy days (i.e. when‘ wind velocities ' exceed
approximately 5 mph) unless an effective wind screen can be devised. i )

The brush will have to be washed, rinsed, and dried thoroughly before use on another sample.
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: | FIGURE 85 -
_ . USING A RIFFLE SPLITTER TO HOMOGENIZE/SPLIT SAMPLES | ‘ %




- each tfray into a clean pre—weighed\ sample bottle (Figu’re ‘8'-6) to be",wei'ghed (Section 8.2.'1)>
and packaged for shipment to the laboratory (Section 8.4)." Be sure that samples are
transferred quantrtatlvely from each tray.” 7" oo ‘ o ' S

" NOTE | |
NEVER MAKE A PARTIAL TRANSFER OF MATERIAL FROM A SPLITTER TRAY TO
A RECEIVING CONTAINER. THIS WOULD. DEFEAT THE PURPOSE FOR |
HOMOGENIZATION AND SPLITTING BECAUSE IT IS IMPOSSIBLE TO ASSURE'

THAT ALL OF THE SIZE COMPONENTS OF THE SAMPLE ARE TRANSFERRED
PROPORTIONALLY UNDER SUCH CIRCUMSTANCES '

Clean 'the. body of the splltter all trclys and any appurtenant equrpment (such as a nylon
‘brush) between samples (but not between splits of the same sample) with a detergent wash
followed by thorough rrnsrng with distilled, filtered water. Be sure that the spilitter, trays, and
appurtenant equrpment are completely dry before use. These may be dried with forced air
that is properly filtered to be free of asbestos -

Optlon 2: Use of a mixer wrth coning and quartermg Samples may also be
homogenized for this method using any of various sealed, rotating. mixers (tumblers). The -
mixers should contain internal baffles to promote mixing.  Such mixers must be sufficiently
large to accommodate the largest sample to be homogemzed1 with adequate room to
- spare so that tumbling is facilitated. The mixers must be sealable to prevent the loss of frnes
durrng mixing. -

S [

Place the flne fraction of the sample to be homogenized in a clean, dry mixer. Seal the mixer.
Tumble .the mixer at the manufacturers. recommended speed for an amount of time
recommended by the manufacturer to assure adequate homogenization. Stop the mixer and
allow ample time (approximately 15 minutes) for the fines to settle. Disconnect the mixing
container from the rest of the mixer. Open the mixer. N ‘ ’

-Under this option, a procedure termed coning and quartering is- used to split a homogenized
. sample. Lay out a clean, aluminum plate on a flat surface. Hold the mixer immediately over
the center of the plate and rotate the mixer around an axis represented by the lip on one side
- .of its mouth so that. the sample material slowly pours onto the metal plate forming a .
“symmetrical cone (Figure 8-7). Keep the point at which the poured material impacts the cone
at the same spot and slowly raise the mixer-as the pouring continues to keep the distance
between the mixer lip-and the top of the cone. approxrmately constant. When the mixer is
fully mverted tap it vrgorously to complete the quantltatlve transfer » —

- To halve the cone, hold a second (olean dry) alummum plate directly over the apex (top

~ center) of the cone at an angle that is perpendicular to the aluminum- plate on which the cone.
lies. Slowly lower the second plate so that it splits the cone precisely in half (Flgure 8-8a),
‘While holding the two plates steady, push one half of the cone off of the onglnal plate and
away from the rest of the sample (Figure 8-8b). Brush the area from which’ this materlal is

7o samples are to be composrted as descrlbed in Sectlon 8.3, the mixer may have to be capable of handhng samples

that range up 40 kg in size.
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FIGURE 8-6 | .
LOADING A SAMPLE SPLIT INTO A SAMPLE BOTTLE ‘




N ‘ FlGUéE 8-7 v
" TRANSFERING SAMPLE FROM A MIXER TO A PLATE
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FIGURE 8-8
CONING AND QUARTERIJNG
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" removed to complete a quantitative transfer, leaving only clean metal. Once. half of the -
-sample material has been removed Wlthdraw the vertlcal alummum plate slowly by pulllng it
upward vertically. :

To complete quartenng of the cone, rotate the vertlcal aluminum plate above the cone 90° on ‘
a vertical axis. Lower the pla’te slowly once again so that it splits the remaining portion of the
sample cone-evenly into two new "halves. Once again, quantitatively remove half of the

" sample material (i.e. remove all of the material from one side of the. vertical plate). This -

process may be repeated by quantltatlvely transferring the remaining sample material into a
clean bucket and pouring the sample onto the clean alummum plate to form a new cone. '

Repeat the coning and quartenng process un’nl the remaining quarters (or halves) of the
sample at the end of onecycle falls in the range of 50 to 80 g. At that point, carefully transfer .
the material from each quarter (or half) into a clean, pre-weighed sample bottle to be weighed '
(Sec’uon 8.2.1) and packaged for. shlpment to the laboratory (Sectlon 8. 4) ,

, NOTE

NEVER MAKE A PARTIAL TRANSFER ‘OF MATERIAL FROM ANY PORTION OF
THE CONE THAT DOES NOT. INCLUDE A WEDGED-SHAPE SLICE THROUGH THE
CENTER OF THE CONE OVER ITS ENTIRE THICKNESS (DEPTH). THIS WOULD
'DEFEAT THE PURPOSE FOR FORMAL CONING AND QUARTERING BECAUSE IT
IS IMPOSSIBLE TO ASSURE THAT ALL OF THE SIZE COMPONENTS, WHICH -
WILL NOT BE HOMOGENEOUSLY DISTRIBUTED VERTICALLY THROUGHOUT THE
CONE OF THE SAMPLE, ARE TRANSFERRED PROPORTIONALLY. ‘ .

8.3 . COMPOSITING SAMPLES (OF’TIONAL)

In many -cases,: there may be interest in llmmng the number of analyses requrred to
characterize a matrix that serves as a potential source without sacrificing representativeness.
One procedure that may be employed for this purpose is to composite samples in the field.
Note however, while compositing can reduce the cost of analysis by reducing the number of
samples requiring analysis, also lost is information concerning the spatial variability of the
sampled matrix. Therefore,”if such information is desrred for any particular reason,
. composrtmg is not recommended. : -
‘Only minor adjustments to the field preparatlon procedures descnbed above are requwed to
incorporate compositing ‘into this method. First, during planning, group the samples to be
.coliected in the field into sets that are to be composited. ‘For example, there, may be a desire
to combine all samples from the eastern part of a road into a composite representing the east
end of the road. Slmllarly, samples from the west end might be combined into a west end
- composite. - Alternately, all samples from the road may be combined into a. single composite,
- representing the road as a whole. As another alternative, the composite road sample might
-also be split into dupllcate pairs to allow determination the variability contributed by sample
preparation and analysrs Such deCIS|ons shall all be determlned dunng planning.
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NOTE

It is expected that the same set of locations will be selected for sample collection
whether or not compositing is employed; compositing only changes the number of
analyses required. This is because, the same number of samples collected from a set

* of locations selected using the same formal procedures are still required to adequately
characterize the sampled matrrx whether or not samples are composrted prior to
analysis.

When brought to the central location where field preparation is conducted, after the initial
weighing, the samples collected from a ‘set that is to be composited can be combined in a
common bucket Modify the procedures descnbed in Sections 8.2.1 and 8.2.2 as follows:

. transport each sample (of a set to be composrted) from the pomt of collection to
a central location in a clean bucket; - :

. weigh the sample and record the weight along with the appropriate sample
identifier. Subtract the tare werght of the bucket and record the net weight of the
sample;

. sieve the sample and collect the fine fractron from each oample in the set to be
composited in a common bucket. Weigh the bucket containing the fines
following the addition of the contnbutrons of each sample and subtract the
previous weight of the bucket to determine the net weight contributed by each
sample Record the werght with the proper ldentlfrer in the field notebook; and

. transfer the coarse fraction from each sample in the set to be composﬂed to a
common bucket.. Weigh the bucket containing the coarse fraction following the
addition of the contributions from each sample and subtract the previous weight
of the bucket to determine the net weight contributed by each sample. Record
the weight of the coarse fraction with the proper sample identifier in the fleld :
notebook. '

Once all the samples of the set to be composrted have been collected and added the
: combined fine fraction from all of the samples (which resides in a common bucket) shall' be
given a separate identifier representing the intended composite. Record the new identifier in
the field notebook. This material can now be treated as a single, composite sample for all
remaining steps of field preparation and sample handling, packaging, and shipment to the
laboratory. Thus, homogenize and split the sample as described in Section 8.2.3 and
package and ship the sample to the laboratory as described in Section 8.4. Record the ,
appropriate welghts of the samples to be shipped as described in Sectron 8.2.1. ‘

8.4 SAMPLE HANDLING AND SHIPMENT

Once their weights and identifiers are recorded, the samples to be shlpped to the laboratory
must be sealed and labeled. Fill out and apply appropriate labels to each sample bottle.
Record the date and time that each sample was created on both the label and the freld
notebook and be sure that the identification numbers on the label and field notebook maich. -
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Flll out the- appropnate chaln of custody forms and seal each- sample cap with a breakaway '
label. . .As indicated .in Section 12.2, be sure to complete the field activities report and to.
mclude this report in the package with samples sent to the laboratory.

W|pe each sample to be shlpped to tlhe laboratory with a clean asbestos-free cloth and place‘
it 'in a cooler. 'Ship samples to the laboratory in.a cooler with ice to limit biological growth
- during shipment. Sufficient ice must be provided to assure that samples remain cold untll
received and processed by the laborcltory ,

‘NOTE

When matrices that are sampled contain a significant: fraction of .coarse material (i.e.
more than 10% by mass), the final determination of the: concentration of asbestos in
that matrix must be adjusted to account for the fraction of coarse material. - This
‘requires de’termlnlng the ratio of the mass of fine material in the sampled matrix to the
total mass of material in the sampled matrix to generate -a "coarseness adjustment
. factor”. The concentration of asbestos determined for samples sent to the |aboratory
. must . then be multiplied by this coarseness adjustment factor to determine the
' concentra’uon of. asbestos m the sampled ma’mx
. _
Equatlons for deriving and using the coarseness adjustment factor. are. provided in
Section; 11.4.3. The weights of the coarse and fine fractions of each sample are to be
included. (along with the appropriate sample identifiers) as- part of the field activities
report that is to be .shipped with the sample to the laboratory (Section 12.2). This
assures that individuals. responS|ble for estimating the concentration of asbestos for
the pro;ect have access to the requ1red fleld information. :

817 .







O will prevall in the dust generator

- 9.0 SAMPLE PREPARATION BY DUST GENERATION

-~ The 'p'rimary purpose for sample preparation by dust generation that is -described in - this
section is to generate dust-laden filters that can be suntablx prepared for analysis by an
appropriate method for the determination of asbestos in air The rate of generation of -
- . total respirable dust is also monitored and is used. both to estimate the total mass of
respirable dust in the original sample and to tie asbestos structure concentrations determined .
from filters to the mass of the original sample. Such information might also be used in some
- studies to characterize the releasnbmty 'of asbestos (or total dust) from partrcular sample

_types . . . R

A detailed’ descnptlon of the apparatus employed for dust. generatlon and lts theory of
operation is provided in Appendlx A. Specmcatlons and constructlon drawings are also
provided.

9.1 SAMPLE RECEIVING AND ‘STORAGE _

All samples recelved from the field are to be wnped clean wrth a damp cloth prior to storage

or other handling. Samples shall be stored at ice temperature (to minimize. blologrcal growth)

- until. sample preparation is initiated. To minimize complications from brologlcal agents once
initiated, sample preparation shall be completed expedmously In any case, sample

preparation shall ‘be completed wnthm 48 hours. o '

Samples to be prepared usmg the dust generator are to be lnspected for the presence of free
-water. If a sample contains free water or if the sample appears visibly moist, it shall be dried
at low temperature. “If time permits, place the sample in an open, shallow container and store
it for several cays in a desiccator containing moist potassium carbonate dihydrate or another
salt that corresponds to the salt selected for humidity control (see Section 8.3.2). The type of
‘salt placed in the desiccator is chosen deliberately; rather than to dry the sample compiletely,
the goal is to bring the moisture content of the sample into equilibrium wrth condrtlons that

If sufncrent time is not avallable to dry the sample in a desxccator the sample may be oven

~ dried. Dry the sample in an open shallow container in -an oven that is maintained at a

temperature below 60° C until the sample comes to constant weight. Note that oven-dried

- samples may require additional time for conditioning (Section 8.4.2) because the moisture™ ™"
content of the sample will need to be mcreased to bring it into equrhbnum with” cond‘ tions

prevallmg in the dust generator. ‘

Once dry, samples’ smaller than 80 g ‘can be loaded dlrectly into the tumbler of the dust'
generator (Section 8.4.1). Larger samples must be homogenized and split, as descnbed |n
\ Sectron 8.2, pnor to bemg placed in the tumbler of the dust generator

8 The ISO method for the determination of asbestos in air (usmg erther an mdtrect or a direct fi fter preparatlon techmque -

- Chatfield 1993) is the default method reconimended for use in tandem wnh this method
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9.2 SAMPLE HOMOGENIZATION AND SPLITTING IN THE LABORATQRY |

Samples received from the field- that are Ierger than approximately 80 g must be d}ied, as
described above, and then homogenized and split as described in this section.

WARNING:

BECAUSE ASBESTOS CONTAINING DUSTS MAY BE GENERATED- FROM THE
HANDLING AND PREPARATION OF BULK SAMPLES ALL OF THE FOLLOWING
PREPARATION STEPS SHALL BE PERFORMED IN A PROTECTIVE ENCLOSURE .
(LE. A HEPA FILTERED GLOVE BOX OR AN APPROVED FUME HOOD THAT IS
DESIGNED TO MINIMIZE EXPOSURE TO LABORATORY F’ERSONNEL 9. T IS
ALSO NECESSARY THAT ALL HANDLING OF BULK SAMPLES BE CONDUCTED IN
A SEPARATE ROOM THAT IS PHYSICALLY ISOLATED FROM THE ROOM(S) IN
WHICH ‘AIR SAMPLES ARE HANDLED AND ASBESTOS ANALYSIS IS,
PERFORMED.

. As with field homogenization and splitting (Section 8.2.3), either of two optioh’s' may be
selected for homogenization and splitting in the laboratory. When performed in the
laboratory, however, such equipment must fit within an appropriately desxgned protectlve
enclosure, which is why field preparatlon may be cost-effective. :

Homogenize large samples in precisely the same manner as described in Section 8.2.3.
Once samples are homogenized, split samples in precisely the same manner as described in
Section 8.2.3. Continue splitting until a paired set of samples are produced that each contain
between 50 and 80 g of material. - Record in a laboratory notebook’ the final weights and
identification numbers of the samples homogenlzed and split.

9.3 DUST GENERATOR SETUP

Prior to using the dust generator, a supply of at least 35 MCE filters must be conditioned and
stored for use, the constant humidity chamber must be loaded with ‘the appropriate solution,
the scrubber must be primed, and air flow within the dust generator must be cahbrated and
adjusted.

.9.31  Conditioning a Stock of Filters

A stock of at least 35 filters (0.45 pm pore size, 256 mm diameter), all from the same filter lot,
must be conditioned in a desiccator overnight to bring them into equilibrium with the relative
humidity at which they will be used during a run. Place the 35 MCE filters in a desiccator
containing moist salt of the same variety as that selected to fill the pans in the humidity
control chamber of the dust generator (Section 932) For most applications, this will be
potassium carbonate dihydrate (see Appendix A). :

¥ The work should be performed in a Class Il biohazard hood as per the specrf cations of Standard #49 of the National

Sanitation Foundation.
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After storrng the filters’ overnrght in the desrccator pre-wergh each filter to a mrnrmum.
precision of = 0.0002 g Each filter shall then be placed in a separate, covered Petri dish
with its weight marked on the top of the container: The lids shall also be numbered
sequentrally and the filters shall all be used dunng the run in the order numbered

9.3.2 lnmatmg Humldrty Control .
Use asbestos-free (frltered dlstllled) water to make a 2 L solutron of saturated salt. As
rndrcated previously, for most applications, use potassium carbonate dihydrate (to achieve a
relatlve humrdrty of 43%), but other salts may be used for specrﬁc appllcatlons (see Appendrx
A) .

N

‘Prepare the solutrons by plaorng 1000 g of the anhydrous salt rnto aone L contamer and

adding distilled water to fill the container. The container should be capped and additional -

- water and salt added as necessary the next day. No water or salt should be ‘added within a
day of using the mixture since some time is needed to saturate the salt solution and form a
hydrate when adding anhydrous potassium carbonate. - However, sufficient salit shall have

. been added previously to assure that sufficient undissolved potassium carbonate dihydrate™

~ has precipitated in the container to form a closely spaced layer of the material on the bottom
- of the shallow pans that will be covered with a thin layer of the solution (next paragraph).

Open the top of the humiidity control chamber and remove the two pans. Fill each pan with -

the saturated'salt solution being sure that a small quantity of excess (undissolved) salt is also
transferred to each. pan. - Replace the pans and seal the top of the plastlc enclosure air
_should enter the enclosure pnmarrly from the front opemng :

?,9.3.3‘ N anrng the Scrubber

Frll the round bottom flask of the scrubber to about one thrrd full wrth asbestos-free (i.,e.

filtered, distilled) water. Initiate the flow of- ice . water through the entrance and exit

~ condensers. Adjust the variable voltage transformer on the heating mantle so that- water in -

the round bottom flask boils and the rate at which condensate drops back |nto the ﬂask from
the condensers is approxrmately equal to one drop per second. ‘ .

v

9;3.4 - Adjustmg lnrtlal Air Flow

The air flow within the various components of the dust generator. must be ad]usted so that
flow within the vertical elutriator will properly separate and pass only respirable particles.
Based on the discussion presented in Appendix A (Section A.2. 3), the proper linear flow rate
in the' elutriator shall be set at. 0.31 cm/s, which is 5% greater than the Stokes’ velocity.
‘estimated for the largest spherical, respirable particles (i.e. those with a radius of 5 pm).

e

Filters to be used to collect samples over the. rsokmetrc sampling tube of the elutriator (soe Sectron 9.4. 5) must be
weighed to a mlmmum precrsron of £ 0. 00002 g ;
2" Note that potassrum -carbonate dihydrate is notrthe usual form of potasslum carbonate sold commercially. The usual
commercial forms are the anhydrous and the sesquihydrate. The dihydrate can be made by allowing either of the com-
mercial varieties of the salt to stand in their saturated solution for some extended period of time with some temperature

cycling (Berman and Kolk 1994). A week appears to be sufflcrent but the process can be accelerated by augrnentrng o

. the: temperature cycling. . : , !
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Next, calculate the required volumetric air flow, V,,, within the elutriator using Equation 9-1: -

V, = 81.1*V, : - e

where: : : :
V| is the estimated linear flow rate required to separate resplrable
partlcles (i.e. 0.31 cm/s); and :

V, is the corresponding volumetnc ‘flow rate (cm3/s) through the
elutriator. ,

The coefr cient, 81.1, in Equation 9—1 corresponds to the cross-sectional area of the elutnator '

(in cm )

To adjust the initial flow valve settings on the pumps, first connect one of the flowmeters such
that air flows directly from the exlt opening at the top of the elutriator that is not articulated -
with the isokinetic sampling tube - This is the exit that opens directly into the top, tapering
portion of the elutriator (see Appendix A) and is labeled the "ME" opening in Figure A-1. A
filter cassette containing a filter from the batch of filters to be used for the run shall be placed
between the flowmeter and the pump when adjusting the flow valve on this pump.

NOTE

The easiest way to directly connect a flow line to one of the top openings of the
elutriator (the ME or the IST opening) is to align the appropriate slide mechanism so
that a filter mount is directly over the opening, mount a cassette without a filter into the
mount, and connect the air flow line to the exit side of the filterless cassette (see
Section A.1.6 of Appendix A). During calibration, such a line would then feed
sequentially into a flowmeter, a filter-containing cassette, and a pump.

Connect a second flowmeter directly to the exit line of the scrubber (the entrance line of
which should already be attached to the two side exit openings on the elutriator) and place a
filter cassette containing a filter from the batch of filters to'be used for the run between thls
flowmeter and the pump for the scrubber.

Adjust the flow control valves on both the scrubber pump ‘and the pump to be connected to
the ME opening of the elutriator so that flow in both lines are equal and that each flow is set
at 0.48*V,,.

Connect a third flowmeter to the exit opening on the top of the elutriator that articulates with
the isokinetic sampling tube. This is labeled the "IST" opening in Figure A-1.

2 To access this opening, it will be necessary to dismount any fliter cassettes from the approptiate slide mechanism and

to align one of the two opemngs in the appropnate slide mechanism over the desired opening in the elutriator (see .
Appendix A).

94

l




The flowmeter attached to the IST opening shall also be backed by a filter cassette containing
. a filter from the batch to be used during the run-and adjust the flow in this line so that it is
- equal to 0.047*Vv23.. Due to the low flow required on this line, ‘an auxiliary low flow valve is
-also attached to this pump and must be adjusted to achieve the desired flow. To optimize-
conditions, it may be necessary to adjust the flow contro! valves on the three air lines that exit
the elutriator iteratively. ' : : ' - o

To prepare for a run using the dust generator, disconnect the flowmeters: from the slide
"-mechanisms over the top ‘openings of the elutriator (i.e. the ME and IST openings) and mount
filters in each of the four cassette holders on the two slide mechanisms that cover the two
_elutriator openings. Connect one of the air.flow lines coming off of the “T* from each pump to
-each of the two filters on the same slide mechanism for the appropriate - opening of the
elutriator (i.e. the opening for which the pump had been calibrated). Then adjust each: slide
so that one filter cassette is .aligned directly over each elutriator opening. Be sure that the
‘valves on.each - “T" are configured so that flow is directed from the filter cassette that is

aligned directly over the elutriator opening (see Section A.1.6 of Appendix A).

NOTE

The connections between the exit Jsjde of the. filter _casseﬁes mounted on the slide
~ mechanisms and the flow control valves on the pumps should now be direct; there
should be no-second filter cassette in the line. . ‘

The flowmeter attached to the exit line of the scrubber may remain attached during a run to
. monitor air flow through the scrubber. If there is a desire also to monitor airflow through one .: °
or both of the filter cassettes mounted. over the top openings of the elutriator during a run,
-flowmeters may now be attached to the downstream side of the filter cassettes (i.e. between .
the filter casséttes and the pumps). Due to the pressure drop across the filters, however, the
readings from these flowmeters must be adjusted using the following equation to provide -
estimates of the true flow through-each elutriator opening: ‘ : .
 Fy=RE(PPTPT) - . o (8-2)

' -

e e

- where: ‘ SR C .
F, is the true flow rate through the elutriator opening (cm/s);

" Ry s the flow reading from the flowmeter (cm/s);
P, is the pressure at the flowmeter (torr);

- T s the‘abso/ute'temperature at the flowmeter (°K);

- 2" "The coefficient, 0.047, ised to estimate the volumetric flow rate for air passing through the isokinetic sampler represents

. the fraction of the cross-sectional area of the elutriator that is subtended by the isokinetic sampling tube and therefore
- "represents the fraction of the.total flow that should pass through the tube, assuming that flow in the elutriator has been
properly set. - ) . - S .
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P, isthe pres'sure‘ at the elutriator opening (torr); and

T, is the absolute {emperature at the velutriat'or opening (°K).

To use this equation, P; and P, will have to have been measured during flow calibration, prior
to a run, using mercury manometers or other appropriate pressure measuring devices.
Generally, T, and T; can be considered equal and will drop out of the equation.. However,
Equation 9-2 can also be used to adjust flow readings between calibrations and runs that are
conducted on different days, such that temperatures may vary between the time during which
the calibration was conducted and the time that the run |s performed. 24

8.4 DUST GENERATOR OPERATION

To prepare asbestos samples using the dust generator, load the tumbler, condition the bulk
sample, begin the run, monitor the rate of dust generation, and collect appropriately loaded
filters for asbestos analysis. Asbestos is also collected in the scrubber. Prior to use, be sure
that the dust generator is clean (see Section 9.5). : =

9.4.1 {Loading the Tumbler

Detach the tumbler from its drive motor and the vertical elutriator and remove it from the
plastic enclosure at the bottom of the dust generator (see Appendix A). Place the tumbler on
a fiat surface and open the top for loading. Be sure that the tumbler is clean prior to loading.

Introduce a sample25 by holding the sample container against the inner lip of the tumbler
and tilting the container so that the sample pours smoothly into the tumbler. *Move the
sample container back and forth along the length of the tumbler to facilitate uniform
deposition of the sample in the tumbler. When pouring is complete, tap the sample container
vigorously so that the quantitative transfer is complete. The masses of samples introduced
into the tumbler shall range between 50 and 80 g. Larger samples shall be homogenized and
split prior to loading as descnbed in Section 8.2.

Shake the tumbler gently to assure umform deposition of the sample within the tumbler, which

should be no more than about one third full. Be sure that the rubber gasket on the tumbler is
in good repair and properly seated. Replace the gasket if it is worn. Secure the top of the
tumbler with 10 screws and replace the tumbler within the plastic enclosure at the bottom of
the dust generator. Reattach the elutriator entrance tube and D.C. motor to the tumbler (see
Appendix A). . : o -

24 Because the viscosity of air is somewhat temperature dependent, when runs are to be conducted at temperatures that

differ by more than a few degrees from room temperature (nominally 20° C), Equation A.10 (in Appendix A) may have
to be adjusted to account for the varying viscosity (see Equation A.9) so that the correct flow regime can be estabhshed
at the new temperature to assure that the elutriator of the dust generator passes only respirable particles. .

Samples to be introduced into the tumbler shall have been dried per Section 9.1.
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'9.4.2 Conditioning the amP'e R

Before condltlomng the sample be sure that the dust generator has been properly set up.
ThlS means, check that: : v

o' the pans in the’ constant humldlty chamber have been flled with saturated
‘ solution; »

"4 filters have been mounted on each ‘of the four cassette mounts .on the sllde
mechanlsms atop the elutnator ‘ o .

: . water is bonllng in.the scrubber o
. the air flow valves have been properly set; and

. all air lines between the dust generator flow valves and pumps are. properly
~configured (see Section A.1.6 of Appendlx A). o
To condition’ the sample, turn on- all pumps and begin the flow of air through the dust .
generator. DO NOT TURN ON THE TUMBLER MOTOR. Allow the flow of air to continue for
" a minimum of two hours before bc-glnnlng arun. If the sample was oven dried: rathér than
equilibrated with, an appropriate salt in a desiccator (Section 9.1), the sample should be
condrtloned for a minimum of four hours prior to mrtratlng arun. .

18.4.3 lmtlatlng a Run

Once the. sample has been conditioned, set the tumbler dnve motor to 30 rpm and turn it on.
Simultaneously, move the two slide mechanisms at the top of the elutriator so that new, clean
filters ‘are now- aligned over both-the ME and. IST openings of the elutriator. 'Be sure to -
change the valve orientations on_the lines leadlng to.the filters so that air flow is directed
through the filter cassettes that are newly allgned with the elutnator openlngs ‘ .

"-Replace the filters originally allgnecl over the elutriator openmgs (but no longer. ahgned) with
clean. filters and weigh and store :the old filters in labelled Petri dishes. These filters are
“equipment blanks. - After five minutes, 26 move the sliding mechanism again to bring new,:
clean filters over the ME and IST openings of the elutriator. Immediately after the filters are
brought out of alignment, dismount the cassette and turn the potentially. dust-laden side -of-
the filter face up before halting the flow of air through the filter (by turning the approprlate

* valves). Once flow from the dismounted cassettes has been halted (correspondingly, flow will
have been re-directed to the cassettes that are currently aligned over the elutriator openings),

* replace the dismounted filters-with clean filters and weigh and store the drsmounted filters in- -
v'labelled Petrl dishes. These fi Iters are run blanks :

As the run proceeds, record the times that air ﬂow was started and stopped for each filter, the
initial and final weights of each filter, and the identifier of each filter in a log book. '

% This- mterval is selected because, in the absence of channelmg, five mlnutes is just fess than the time over whlch the

fastest partlcles are expected to reach the filter.
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9.4.4 Monitoring the Rate of Respirable Dust Generation

The rate of respirable dust generation is monitored. during a run by recording the weights of a
set of filters that are sequentially changed out of the filter mounts over. the ME opening of the
elutriator at defined, regular intervals. : : ' e

Initially, change the filter that is aligned over the ME opening of the elutriator at intervals of
five to eight minutes. The change is accomplished by moving the slide mechanism to switch ,
a new filter into alignment at the same time that the old filter is switched out of alignment.
Immediately after the filter is brought out-of alignment, dismount the cassette and turn the
dust-laden side of the filter face up before halting the flow of air through this filter (i.e. by
turning the appropriate valves to re-direct air flow to the filter that is newly aligned over the:
ME opening). Exchange the old filter for a new filter. ‘ '

NOTE

Because the time during which air flow is directed through a dismounted cassette —
(rather than the filter that is aligned over the elutriator opening) results in a disturbance .
in the otherwise smooth flow of air through the elutriator, the changing of filters shall -
be performed expeditiously. As long as this interval is not more than a few seconds,
however, studies indicate that this effect is not significant (Berman and Kolk 1994)..

Along with the proper identifier, record the times during which air flow is started and halted for
each filter. Weigh each filter after dismounting. Record the initial and final weights of the filter
and the net weight of dust deposited on the filter (i.e. the difference between the initial and
final weight). : ' :

After exchange of the first two or three filters, the interval over which dust is collected on each
filter may be optimized. The ideal weight of dust to be deposited on each filter is between
0.01 and 0.03 g (Berman and Kolk 1994). Based on the rate of dust deposition on the first
two or three filters, estimate the interval of time required to deposit approximately 0.02 g and
exchange later filters at this rate (see.Section A.2.2 of Appendix A, Equation A-8)27..
However, it is important that time be adjusted so that no more than 0.03 g be deposited on
each fiiter because the possibility that a portion of the deposit accidently drops from the filter
increases as the weight of the deposit on the filter increases. : ’ -

NOTE

Until there is a need for generating filters for asbestos analysis (see.Section 9.4.5), the
filters that get aligned over the IST opening of the elutriator need to be changed only
one fifth to one tenth -as often as the filters over the ME opening of the elutriator.
These filters shall be changed at this lower rate, however, to prevent the potential for a
heavy deposit to drop off of the filter and fall back into the elutriator. :

2 At the beginning of a run the rate of dust deposition on the filters has been observed to be nearly constant with time.
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Contmue the run at 30 rpm (wnth contmumg exchange of fllters) for approxlmately two hours
this time interval has generally been observed as sufficient to define the rate of respirable
partlcle release at this rotation rate (Berman.et al 1994a). ‘Generally, the plot of the release of
: resplrable dust versus tlme at 30 rpm shows almost no curvature (see Section 11 2)

After completing the run at 30 rpm select a new, hagher rotation rate to continue the run.
Generally, the new rotation rate selected shall be 60 rpm, unless the rate of release at 30 rpm
-was noticeably low in companson with  prior runs on other samples in which case 90 or
120 rpm shall be used. ‘

" NOTE

Use of the highest rotatlon rates should generally be avmded unless there is
compelling evidence for their efficacy, because they tend to facilitate the transport of
“non-respirable particles from the tumbler into the Bottom of the elutriator and, if such -
transport is heavy, this may affect results (see Sectlon A.1.3of Appendlx A) '

Continue the run at the higher rate of rotation’ by collectmg a minimum of elght additional

.. dust-laden filters. The same procedures outlined above should be continued for collecting

data during the run at this higher rotation rate except that the interval between the exchange-
of filters. must be adjusted downward to assuré that deposits on these latter filters’ do not
exceed 0.03 g (see Section A.2.2 of Appendix A, Equation A-8, but note that the rate
~ constant, k, is dependent on the rotation rate for the tumbler so that Equatlon A-8 cannot be
extrapolated across runs). - ! »
When the run |s-complete', turn off the tumbler motor but allow the air flow to continue for ten .
or fifteen additional minutes to empty the elutriator.- Be sure to continue the exchange of
tllters if necessary to prevent overloadlng The air flow pumps may now be shut off,

9 4.5 Generatmg Appropnately Loaded Fllters for Asbestos Analysis ‘

The. primary- purpose for collectmg dust on filters mounted over the exrt of the lsokmetuc .
sampling tube’ of the elutriator (the opening labeled "IST" in Figure A-1) is to obtain samples

... -suitable for asbestos analysis using a direct transfer technique, although use of an indirect

" transfer technique is not precluded. This is an option built into the design: of the dust

generator as an alternative to preparation of a specimen for asbestos analysis using the liquid™ "

_from the scrubber, which necessarily mimics an indirect transfer techmque because (in the
“scrubber) the asbestos is captured and suspended in water

Collect filters for asbestos analysxs near the end of each of the two runs (| e. one run at each
of two rotational speeds for the tumbler) that is_described in the previous section of this -
chapter. Filters to be used for asbestos analys:s shall be collected at the end of the runs
. both because this will be the period when the rate of asbestos emission is the lowest and
" because sufficient timé will have elapsed over each run to allow a steady-state distribution of
. partlcle sizes to have developed in the dust traversing the elutriator. At the beginning of a.
_ run,.only the smallest. (fastest) respirable particles reach the filters and it takes time for the .
larger (slower) respirable particles in the air stream to begin reaching the filters in numbers
- that are proportional to, their rate of emission from the tumbler. K takes several tens -of
~minutes for transport of a steady state distribution to develop.: ' e
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Collect muiltiple filters during each run that bracket the estimated time during: which an
optimal loading for analysis of a directly’ prepared specimen is expected to be achieved.
Mount, exchange, dismount, weigh, record ‘and store filters precisely in the manner described
in Section. 9 4.4.

Estimate the time required for achieving an optimum loading as follows. The optimal mass
loading on a filter to be prepared by a direct transfer technique lies between 1 and 10 pg
(see, for example, Berman and Chatfield 1990). Assume a target of § pg. However, this may
have to be adjusted based on experience with the dust generator. Equation A-7 (Appendix A)
can then be re-arranged to estimate the time required to collect 5 pg (or some other defined
mass) of dust:

= AMJO.047*K*M, = L (9-3)

where: : i
M. is the mass of respirable dust remaining in the sample at time "t" after
the beginning of the run, but it is assumed constant over the short

lnterval of time "At" (Q);

]

AM;is the mass of respirable dust collected on a filter over the IST opening
during the short time interval "At" (as indicated above assume a target of
5 kg or 5x 107 a);

At is'a short time mterval (no more than several mmutes) dunng WhICh the
release of dust i is being estimated (s); and

k is the flrst-order rate constant for the release that is derlved from the

dust measurements collected dunng the run (s )

The mass of respirable dust remaining in the sample during the time interval of interest- (Ks) is
estimated using a rearrangement to Equation A-2 (Appendix-A): .

Mg = M *exp(-kt) ' : - . (9'4.)
where:

M, is the mass of respirable dust remaining in the'sample at time "t" (g);

M, is the mass of resplrable dust in the sample at the start of the run (| e. at
timet = 0) (9)-

t isthe tlme from the start of the run to the beglnmng of the time mterval
"At" (s); and

k s the first-order rate constant for the release (_s’1). '




- .8 hours (1.1 x 1 o* s) and substituting these values for My Kk, and t into Equation 9-4, and-

- . contents of the flask into a clean, pre-weighed, wide-mouthed 1 L plastrc container. Rinse

Based on the recently completed pilot study for this method (18erman et al 1994a) a typical
rate constant for.dust emission from the tumbler is 0.004 min™' (6.7 x 10° s ) Results. from
this study also suggest that the range in respirable dust content llkely to be encountered for
samples typically run using'the dust generator may vary between 0.5% and 2%. Therefore,
given a typical sample mass of 70.g, M, for the 30 rpm run likely ranges between
approximately 017 and 0.68 g. Given that a typical 30 rpm run lasts for approximately -

then substituting the subsequent estimate of M, into Equatron 9-3, it appears that between
- 2.3'and 9 seconds would be required at the end of the 30 rpm run to coliect 5 kg of matenal
on afilter loaded over the isokinetic sampter

Similarly, assumlng that the lnmal mass of resplrable dust in a sample at the begrnnlng of a’
60 rpm run, M, is equal to the _remaining mass at the end of the 30 rpm run (i.e. the "M"
- calculated above) remembering that a 60 rpm run typically lasts 2 hours (7.2 x 10° s), and
once again noting the typical value for-k indicated above, Equation 9-4 is used to estimate an
appropriate M, for the end of a 60 rpm run. Substituting this new value into Equation 9-3; it
appears that between 4 and 15 seconds- may be required to collect Srpg of matenal on a filter
that is loaded over the rsokrnetlc sampler at the end of a 60 rpm run. - - -

' leen ‘the above, to properly brac:ket the optlmal loading for a filter to be employed for

- . asbestos analysis using a (direct transfer technique), collect filters over the IST opening of the
-elutriator that are exposed for periods of 3, 10,-and 20 seconds (at both the end of the .
30 rpm run and the end of the 60 rpm. run)

9.4.6 - Obtalmng Asbestos Samples from the 8crubber

At the end of all runs for a partlcular sample (after all pumps have been shut off), turn off the
~ heating mantle to the scrubber and let it cool for 10'to 15 minutes before discontinuing the
flow of ice water to the condensers Disconnect the outlet lines from the elutriator to the
scrubber at the elutriator. Samples shall be extracted from the scrubber expeditiously to
mmrmlze losses to the walls of the c;lassware -and to facilitate cleanmg

To minimize loss, before dlsconnectmg the transfer lmes and condensers from the round-
‘bottom flask of the scrubber, pour approximately 100 ml. of asbestos-free (filtered, drstxlled)
water down the exit condenser and another 100 ml down the transfer lines and: entrance
condenser. Such rinsing should be performed in multiple stages, approxrmately 20 mli-at a
time. ‘Swirl each condenser (and the transfer lines) as the water drains into the flask. Tap——
each condenser (and the transfer lines) several times after nnsrng to assure a reasonably
quantltatlve transfer. . : :

Detach and remove the round-bottom ﬂask from the condensers and its stand and pour the

the round bottom flask several times ‘with additional asbestos-free water to assure a
quantitative transfer of any residual solids. Reweigh the container and record the net weight
as the total weight of suspension. If necessary, the sample may then be stored at ice
temperature until it can be prepared. However preparatlon shall not be delayed for more
than 48 hours , :

mmediately prior to fllter preparation, add. 15 g/L of sodlum hexametaphosphate to the
suspenslon in the plastic contalner Shake the suspension vigorously ‘and divide it
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approximately evenly into two (or, if necessary, three) 500 ml Erlenmeyer flasks. Place the
flasks on a laboratory shake table for approximately three hours. Quickly re-combine the
contents of the two (or three) flasks into a clean, plastic container (with minimal flushing) and
place the container in a sonicator. - Sonicate the suspension for approximately 1 minute (with
the power of the sonicator set at no more than 0.1 W/ml). . Withdraw one ml with a disposable
pipette from the center of the volume of the suspension in the plastic contamer and dilute this
with asbestos-free water to 100 ml in a clean, volumetric flask.

The mass of respirable dust collected in the scrubber should be equal to the sum of the
cumulative mass of dust measured on the filters collected above the ME openmg of the
elutriator over the entire run(s) during which the scrubber suspension was collected. ' Use this
estimated mass (and account for the 100-fold dilution performed as described in the last’
paragraph) to estimate the size of aliquots required to produce filterable suspensions
containing: 0.5, 2, and 5 pg of respirable material. Dilute each aliquot to a minimum total
volume of 20 ml and filter each aliquot in the manner described in Sections 10.34 and 10.35
of the ISO Method for the determination of asbestos in air usmg an indirect transfer techmque
(Chatfield 1993)

The filtered aliquots shall:all be'prepared as described in Section 10.1 and scanned bneﬂy’at
low magnification in the TEM to select the optsmally loaded specimen for detalled analysis
(see Section 11.1 2) _

9.5 CLEANING THE DUST GENERATOR

The dust generator is ‘designed for quick and easy assembly and disassembly to facilitate -
cleaning. Most of the joints are simple friction couplings or ring clamp couplings. To clean
the dust generator, disconnect and disassemble the tumbler, remove the bottom cup and
dust collector system from the elutriator, decouple the two halves of the elutriator tube,
disassemble the slide mechanisms of the dust collector and disconnect the transfer lines to
the scrubber. The metal pieces of the dust generator may then be washed with
biodegradable detergent, rinsed with asbestos-free water, sonicated briefly, and rinsed again.
The pieces may then be left to dry in room air or may be dried wnth a forced, HEPA-filtered air
stream.

The glassware of the scrubber shall also be washed with bioaegradable detergent and
asbestos-free water, rinsed liberally, and dried in room air or dried with a forced, HEPA-filtered

air stream. It is recommend that new transfer lines between the elutriator and the scrubber--

(constructed of 1.00 in. i.d. Tygon tubing) be cut and installed after each cleaning.

>

28 As indicated in Chatfield (1993), filters to be employed for filtering scrubber suspensions are of a dlfferent'type than
those employed in dust generator mounts. Filters used to filter scrubber suspension are to be the 0.22 um pore size
variety
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10.0 PREPARATION OF SPECIMEN GRIDS FOR TEM ANALYSIS

.y

- For Superfund applications of this method asbestos analysis of all samples prepared using
the dust generator are to be performed on specimen grids prepared from aliquots of the
scrubber suspension. In addition, for a minimum of a subset of 5% (preferably 10%) or 10
. .samples (whichever is greater), asbestos analysis is also to be performed on specimen grids
. prepared by a direct transfer ‘technique from filters collected over the IST .opening of the
elutriator (i.e. the opening over the isokinetic sampling tube). These analyses are then parred
~ with the analyses of asbestos from' scrubber suspension collected durrng the same runs to
’ provrde a lrnk between samples prepared by each technrque :

,,The prrmary reason for preparing 100% of samples from - the scrubber suspensron rs to
facilitate identification of distinctions in sample characteristics; samples prepared in this -
manner are expected to exhibit the best precision among the options for this method. ' At the
same time,” when comparing results to published slope factors, the apparent need for
‘normalizing asbestos analyses to counts derived from directly prepared specimens (see, for
.example, Berman and.Crump 1989) is satisfied by’ provrdrng a subset of samples prepared™
. both .ways to allow a regression to be performed linking results from the scrubber suspension
- samples to specimens prepared by a direct technique.  As indicated previously (Section
. 2.1.3), the recommended procedure is based on a compromise allowing optimum precision

o for distinguishing among relative measurements (and relative risks) while exceptlng a small .

reductlon in the precision of estimates of absolute risk. 29

10.1 PREPARATION OF SPE(.,IMEN GRIDS FROM FILTERED ALIQUOTS OF THE
' SCRUBBER SUSPENSION '

Filters generated from aquuots ol the scrubber suspensron (as descrlbed in Sectron 946)
shall be prepared using the direct transfer technique that is described in Sections 10.5 of the
ISO Method (Chatfield 1983). As indicated previously, - multrple aliquots representing a
sequence of dilutions are to be prepared to allow selection of the optlmally loaded f lters (and
' correspondlng set of specrmen grlds) for final, detailed analysis..

From each ﬂlter prepare a minimum of three specimen’ grids: one from near the center of the
filter, one from a location that is half the distance between the center and the outer edge, and
‘one from near the outer edge of the filter. - o , :
- -10.2 SPEClMEN GRlD PBEPARATION FROM FlLTERS COLLECTED OVER THE IST

' OPENlNG OF THE ELUTRIATOR '

| Although this method specrfres that fi lters collected over the IST opening of the elutriator shall

be prepared usmg a direct preparation technique, an indirect preparatron technlque is also o

described, as an optron for non-Superfund appllcatlons

\

= For other applrcatrons of this - method options mlght rnclude preparation of 100% of samples from filters collected over

the IST opening of the elutriator and/for preparation of fi lters collected over thrs openmg usrng an: rndrrect transfer
technique. The method is desrgned to be flexible. :
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10.2.1 Specimen Grid Preparatlon Using a Dlrect Transfer Techmque

Fllters collected over the IST opemng of the elutriator (as descrlbed in Section 9.4.5) shall be
prepared using the direct transfer technique that is described in Section 10.5 of the ISO
Method (Chatfield 1993). As indicated previously, sections of muiltiple filters representing a
range of loadings are to be prepared to allow selection of the optimally loaded specnmen
grids for final, detailed analysis. :

From each filter that has been collected over the IST opening, prepare four spécfm‘en grids -
from locations on the filter that are each separated by 90° radially. = Select two of the

. _locations (from opposing sides of the filter) at points that are about two thirds of the distance

from the center to the edge of the filter. The remaining two locations shall be selected at
points that are about one third of the distance from the center to the edge of the filter. Such -
an arrangement will eliminate any effects potentially associated with a linear gradient across:
the filter that may develop due to the brief time -over which the filters are exposed to air flow
from the elutriator and, consequently, the potentially significant time durlng WhICh the ﬁlter is
being slid in and out of allgnment .

10.3 Specimen Grid Preparatlon Using an Indirect Transfer Techmque .

As an option to the procedure described in Section 10.2.1 above (for non Superfund
applications only), filters: collected over the IST opening of the eluiriator (as described in
Section 9.4.5) may also be prepared using the indirect transfer technique that is described in
Sections 10.3 to 10.5 of the ISO Method (Chatfield 1993). For this option, multiple sections of
the most highly loaded filter obtained from the dust generator shall be prepared using a
range of dilutions to allow selection of the optumally loaded specimen gnds for final, detailed
analysis.
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11.0 PROCEDURES FOR ASBESTOS AND DUST ANALYSIS . ‘

PROCEDURES FOR ASBESTOS ANALYSIS
Specimen grids’ prepared as descrrbed in Chapter 10 are to be analyzed usmg transmrssron
+ electron microscopy (TEM). Follow the procedures for analysis described in the lSO Method
(Chatfield 1993) rncludlng procedur es for . : o
f' . examlnlng specrmen grrds to determrne acceptabrlrty for analysrs
. | structure countmg by TEM (except determrnatron of the stoppmg pornt)
. 'structure morphologlcal classrf catron | '

. structure mrneralogl_cal rdentrfucatlon; and

. blankva”nd‘quality'co'ntrol determinations B

5

The stopping pornts for the .analyses conducted in support of this method -are a-function of

the requrred sensitivity for the method and are defrned in Sectrons 11.1.1 and 11.1.2 below.

Begin by examining one of each set of specrmen grids derived for a defi ned loadlng from a

particular run of the dust generator and select the ‘optimally loaded set for analysis. ' Use the .
criteria for determining the acceptablhty of specrmen grids (from the ISO Method) to define -

optimal Ioadrng

. When performing detalled analysis, be sure to drstnbute asbestos counts evenly over the
. entire set of specimen grids prepared from a particular filter at a defined (optimal) loading.

Record the’ morphology and mineral type of asbestos structures as described in the 1SO .

Method (Chatfield 1993). Also as described in the 1SO Method, complete separate scans for
.counts of total structures and, at lower magnmcatron for. counts of structures longer than
5 p.m :
‘11.1 A Analysrs of Specimen Grids Prepared from Frlters Collected Over the IST
L Opening of the Elutrlator .

Prior to mrtlatrng a detailed analyc.rs of specimen gnds the stoppmg rules for the analysrs
must be defined. Assuming these. specimen grids have been prepared using a direct transfer
technique’ (as duscussed in Section 10.2), defi ine the stopprng rules for the detarled analysrs
as follows :

First, calculate the maximum number of gnd opemngs that wrll have to be scanned dunng the
analysrs from the relatronshrp :

RN

Ngo = S *Af*%FlD/(S

smpl

.*1’00‘*A'Mf) o 1)




vynere: v : i ’

Ngo is the maximum number of grid openings to be scanned;

Sy is the number of structures . requrred to deﬂne detectlon using the
analysis (defmed here as 1),

A; . is the total area of the fllter from which the speclmen grids were
prepared (mm )

%RD  is the mass percent of respirable dust in the sample and is defined
using Equation 11-9;

S

smp! is the required analytical sensitivity for the method (s/a);

Ago is the area of a single grid opening (mm®); and‘

AM;is the mass of respirable dust collected on the filter from which the
specimen grids were prepared. It is defined using Equation A-7 of . —
Section A.2.2 of Appendix A (g). ' B

The following are typicél values for the above parameters:

S =1,
S:mpl =5x 107 (for total structures) or

= 3x 10° gor structures longer than 5 pm)
A = 382 mm '3 _ -
Ago = 8.1 x 10° mm? : -
%RD = between 0.5% and 2%3"; and ’

Given the above values, it is estimated using Equation 11-1 that between 1 and 4 grid
openings will_typically need to be scanned to derive a count of total structures. However, a
minimum of 4 grid openings shall be scanned during any analysis. Based on the above,
similarly, between 15 and 62 grid openings will typically need to be scanned to derive a count
of structures longer than 5 pm. ‘ - . R

The number of grid openings to be scanned for specific analyses shall be determined by
substituting case-speciﬁc values for the above listed parameters into Equation 11-1.

Stop the counting, characterization, identification, and recording of asbestos structures on a
particular analysis when one of the foliowing obtains:

¥ gee Section 2.1.1.

"3 This is the range of values observed for a drverse variety of samples tested dunng the pilot study for this method

(Berman ot al. 1994sa).

32 gee Sections 9.4.5 and A.2.2 of Appendix A
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e . the scan is completed for the gnd opening on whrch the 50th asbestos structure
© s counted or .

© -« either 4 grid openings or the maximum numbér of grid openings (estimated as
_defmed above) whichever is greater, are scanned'completely' ‘

' These rules are to be applled separately to the scan for. total structures’ and the scan for long
,structures (i.e. longer than 5 pm) that are described in the ISO Method

11, 1‘.2 Analysis of Specrmen Grids Prepared from'Frltered 8crubber SUSpension |
Prlor to initiating a detailed analysis of specrmen grids, the stopprng rules for the analysrs
must also be defined in this case. Given that these specimen grids have been prepared as

o descnbed in Sectron 10: ‘l define the stopprng rules for the detailed analysis as follows

3 Flrst calculate the maximum number of grid openrngs that will have to be scanned dunng the
analysis from the relatronshlp ‘

Ngo = sd*Af*%RDfDF/(ssmpl*Agoﬁoo*Msc-,b,) : o 11

- where: . ;
Ngo‘ " is the maximumm number of gnd openrngs to be scanned;

: Sy s the number of structures requrred to deﬁne detection usmg the

analysrs (def ined here as 1);

' Af‘ ~is the total area of the filter from whrch the specrmen gnds were
' prepared (mm ); '

\! _— ‘ %RD is the mass percent of respirable dust in the sample and is defmed
‘ , : usrng Equatron 11-9;

‘SSmpl s the requrred analytrcal sensrtrvrty for the method (s/g)

Ago - I8 the area of a single grid opening (mm )

DF . s the dilution factor by which the scrubber suspensron -had to be k
diluted to prepare specrmen grids -that are suitably loaded for -
‘ analysrs and

soror IS the mass of resprrable dust collected in the scrubber suspension
‘ during the run. ;

The dilution factor, DF, is slmply the product of the individual dilution factors for the two
sequential dilutions ‘performed to derive the final volume that rs ultimately fi ltered (per the
procedure defrned in Section 9.4.6): :

-
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DF=(vs/va1)*(vd/va2} S - | ’ ©(11-3).

where: ’

Vg is the volume of the mrtral scrubber suspension (whrch is estimated from
the recorded weight of the supernatant assuming a densrty of 1 g/cm )
(mi); :

- Vo4 is the volume of the first allduot collected from the scrubber suspension

for further preparatron (the default defined in Sectron 9.4.6is 1 mi);

V4 is the volume into Wthh the first aquuot from the suspension is diluted
(the default defined in Section 9.4.6 is 100 ml); and . ‘

Vy, is the volume of the final aliquot collected from Vg4 that is ultimately
filtered for preparatlon of the optimally loaded specrmen gnds (ml).

The mass of respirable dust collected in the scrubber suspensron Msc,br, is derlved from the
cumulative mass of dust collected during the run on filters that are mountedover the ME
opening of the elutriator (defined below as M,). These différ by the ratro of the air flow into
the filters and the air flow into the scrubber

Mscrbr = Mf*(Fs_/ Fo) | . ‘ S (11-4) ‘
- where: '
Mgop, IS the mass of resplrable dust ‘collected in the scrubber durrng the
run (g); -

M; is the cumulative mass of dust collected on the filters (mounted over the
ME opening' of the elutriator) during the same run (calculated from
Equation A-4 of Section A.2. 1 of Appendix A)

F, is the volumetric air flow rate mto the scrubber (cn13/s) and

F. isthe volumetnc air flow rate into the fitters over the ME opening of the
elutriator (cm /s)

Assuming air flow in the elutriator is setup as described in Sectlon 8.3.4, Fg and F; are equal ’
so that M_ . simply equals M, v

Given the typical values for the correspondlng parameters provnded in Section 11.1 1
assuming a typical value for DF 33 of between 2 x 10* and 4 x 10 and selectmg a range of
typical values for M (i.e. between 0.1 and 0.2 g) from among the range observed during the
pilot study (Berman et al. 1994a), it is estimated using Equation 11-2 that between 1 and 8
grid openings will need to be scanned to derive counts of total structures. Similarly, it is
estimated that between 8 and 133 grid openrngs will need to be scanned to derive counts of
long structures (i.e. Ionger than & pm).

33 This assumes typical values for M; (between 0.1 and 0.2 g) from among the range of values observed among diverse

samples during the pilot study. (Berman and Kolk 1994) and further assumes that the dilution factor is selected so as to
produce a loading of 5 ng on the filter, .

~
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Determme the actual number of grrd openrngs required for a specrfrc analysrs by substituting
: case-specrfrc values for the above parameters into Equations 11-2, 11-3, and 11-4.

Stop the countlng, characterrzatron rdentrflcatron ‘and recording of asbestos structures on a

: partrcular analysrs when one: of thn= followrng obtarns : :

' the scan is completed for the grrd openrng on whrch the 50th asbestos structure
" is counted; or : , . A

. erther 4 grrd openrngs or the maximum number of grid openrngs (estrmated as.
defrned above), whichever is greater are scanned completely

‘These.rules-are to be applied separately to the scan for tctal structures and the ‘scan for long
structures (i. e. longer than 5 pm) that are descrlbed in the ISO Method (Chatfield 1993)

.’11 .2 EVALUATING THE RATE OF RELEASE OF RESPIRABLE DUST

‘The rate of release of resprrable dust from a sample prepared usmg the dust generator is
estimated from measurements of the mass of dust. collected over time on the set of filters
mourited over the ME opening of the elutriator. The measurements used. specifically are from
those filters that are collected while the tumbler is operating at the highest rotatron rate
employed for the sample (see Sectron A2.1 of Appendrx A). .

-Begin by plotting the cumulatrve mass collected on the f iters as a functron of time. To denve
the cumulative mass for a particular time interval, add the mass of dust measured on the filter
collected from that time interval to the sum of the masses measured on the set of filters’
collected earlier in the run. Typical curves are depicted in Figures 11-1 and 11-2. ‘Next,
“calculate the' cumulative mass released from the sample over time from the cumulative mass
- collected on filters' over time using the relationship developed in Section A.2.1 of Appendix A:

Me=210M L (1)
where:, ' :
M is the cumulatrve mass of dust released from a sample between the start of a

run and time "t" (g); and

M is the cumulative mass collected on fi lters between the start of a run and
trme 1 (g)- ‘

Equation 11-5 is appropriate to use to relate the mass of dust collected on filters to the mass
released from the sample .when air flow in the dust generator is setup as indicated in Section
834. If drﬁerent air flow' conditions are established for -a particular experiment, the:
relationship between M and M; will have to be denved usrng Equatron A-4 from Appendrx A -

34 These are the filters that are-mounted over the ME opening ofvthe'elt.r‘triator.

]
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CUMULATIVE DUST MASS DEPOSITED (GRAMS)

FIGURE 11-1
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3FROM THE 30-RPM RUN ON SAMPLE 1-100, WHICH WAS COMPLETED
ON 8/27/93 DURING THE PILOT STUDY (BERMAN ET. AL. 1994a).




CUMULATIVE DUST MASS DEPOSITED (GRAMS)

‘ o FIGUR_E'H-Z‘ ,
TYPICAL CUMULATIVE MASS RELEASE
VERSUS TIME CURVE FOR 60 RPM RUN®
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2FROM THE 60-RPM RUN ON SAMPLE 1-100, WHICH WAS COMPLETED
ON 8/27/93 DURING THE PILOT STUDY (BERMAN ET. AL. 1994a). -
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The total mass of dust in the sampie at the beginning of the run must next be estimated using
the relationship developed in Appendix A. Based on the relationship (see Section A.2.1):

In(M, - M,) = In(M_) -kt - 3 o R (11-6)

where:

- M, is the mass of dust in the sample at the start of the run (g)

[e]
k is the first-order rate constant for the release of dust from the sample (s 1)
and

t is the time since the start of the run (s)j
a plot of In(M,, - M) versus t should be a straight line with a slope equal to the rate constant
for the release of dust from the sample and an intercept equal to the natural logarithm, of the
mass of dust in the sample at the start of the run. Derive estimates of "M_" and "k" by
programming Equation 1 1-6 into a spreadsheet and running a regression

Input a range of guesses for the value of M, rnto the spreadsheet and run a regression to fit
a value for k and to calculate a value for the regression coefficient, "r> for each value of Mo
Plot the regression coefficient, "2 as a function of M,. An example of such a plot.is -
presented in Figure 11-3. The value of M, that provides the fit with the largest regression
coefficient (i.e. with r? closest to 1) shall be reported as the correct value for the mass of dust
in the sample at the start of the run and shall be reported with the corresponding k value as
the estimated rate constant for dust release from the sample during the run.

11.3 DETERMINING THE CONTENT OF RESPIRABLE DUST

To determine the mass percent of respirable dust in the original sample, first determine the
total mass of respirable dust in the sample at the start of a run for the last run completed on
the sarnple which is derived as described in the last section.

Because the dust generator run analyzed as described in Section 11.2 wil generally have
been preceded by a run with the tumbler speed set at 30 rpm (see Section 9.4.4), to estimate
the total mass of .dust present in the sample it rs necessary to include the mass released
during this first run.

Sum the masses of dust measured on each of the filters collected during the 30 rpm run and
" designate this sum, "M,", which is the cumulative mass of dust collected during the 30 rpm

run. Using the following equation, estimate the total mass of dust released from the sample
- during the 30 rpm run, “Mzq." based on the mass of. dust collecled during that run (see
Section A.2.1 of Appendix A): _

Mgo = 208*Mgy , - | ‘ (11-7)

,

35 Any of several commercial spreadsheet programs (including, for example LOTUSTM) contain the necessary capabilities

and may be employed to derive opttmum values for "M" and k

11-8




- - FIGURE 11-3 |
L . "ILLUSTRATION OF THE OPTIMIZATION .
’ “OF THE ESTIMATE OF INITIAL MASS "M,"
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Calculate the total mass of dust orrgrnally present in the sample, Mo bY summrng the mass
released during the 30 rpm run with the mass of dust estimated to have resided in the sample
at the beginning of the higher rpm run, M/ (this is equal to the mass of dust remaining in the
sample at the end of the 30 rpm run). M will have been derived as described in Section
11.2: ' : :

Mtot = M,so + Mo B ' » - . (11"8).

J

Esfimate the mass percent of respirable dust in a sample as follows:

| %RD = 100*Myo/Mgzmpie

‘(11-9)' |

where: o ' -
%RD s the mass percent of respirable dust in the sample (%); and

Mqample iS the mass of the original sample placed in the tumbler (g).
11.4 DETERMINING THE CONTENT OF ASBESTOS

The concentration of asbestos in a sample is determlned deferently dependrng on whether
asbestos is determined from samphng grids prepared from filters collected - over the lST
opening of the elutriator or from scrubber suspension.

NOTE

For samples originally containing a significant fraction of coarse material (see Section
.8.4), the concentration of asbestos reported as a function of the mass of the sample
(specified in this section) must be adjusted for the quantity of coarse material originally
measured in the matrix sampled in the field before it can be considered representative
of that matrix. A procedure for adjusting asbestos concenirations to account for the
coarse fraction of an environmental matrix is presented in Section 11.4.3. R

11.4.1 Based on Drrectly Prepared Filters Collected Over the IST Opemng of the
Elutriator

Procedures for determrnrng the concentrations of asbestos structures in a sample differ
slightly depending on whether the structures of interest are longer or shorter than 5 pm.

Structures that are shorter than 5 pm in length are derived on/y from the high magnification
scan of an analysis. Calculate and report the concentration of short asbestos in the original
sample based on the counts of asbestos structures that are deuved as defined in Sectron
11.1.1 using the following relatronshrp :
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Campl = ch*/stf*%FrD/(r\rgoh o1 OQ*AMf) R (1110
where: 3 - |
- CSmpL is the conc entratron of asbestos structures (of a deflned srze range ,
or type) in-the ongmal sample (s/g); : : -
Sch " is the number of structures (of the defrned size range or type of
o rnterest) counted dunng the high magmﬁcatron scan of the anaIysrs
. A is the total area of the filter from- whrch the spec1men grlds were

- prepared (rnm )i

. %RD‘ _is the mass percent of respirable dust i in the sample and is deflned',

usrng Equation 11-9 (%) : , .
Ngoh - is the number of gnd openmgs scanned dunng the hrgh
! o magnlfrcatron scan of the analysrs
Ago ‘|s the area ofasrngle gnd openlng (mmz) and - -

AM; s the mass of resprrable dust collected on the filter from Whlch the
specimen grids were prepared. It is defined using: Equatlon A-7 (see
Sectron A2.2 of Appendlx A) (g)

Structures that are Ionger than 5 pm in tength are denved from combrned counts collected '
during both the high and low magnification scans of an analysis. Calculate and report the
concentration of long asbestos in the original sample based on the counts of asbestos
: structures that are derived as defined in Section 11.1.1: usmg the followmg relationship:

i

ﬁ-oofAMf] A L (11-11)

‘ ernpl (Sch + Scl)*Af*%RD/ [ (N oh t Ngol)‘*Ago )
where:. : : '
Csmpl s the concentratlon of asbestos structures (of a deﬁned size range
or type) in the orlgmal sample (s/g);. ‘ ‘
Sy is the number of structures (of the def ned size range or type of
interest) counted durmg the low magnification scan of the ana!ysrs
and .
Ng‘;, - is the 'number of gnd opemngs scanned dunng the low

' magnmcatnc»n scan of the analysrs

\

Thus, for long structures, it is the total counts of. structures observed over both the hrgh and . |

low magniification scans and the total area scanned (over both the low and hlgh magnrf ication
scans) that are used to determrne concentratlon :
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As an'option, asbestos concentrations may also be reported as a function of the mass of
respirable dust in a sample using the following relationships. For short structures, use:

Caust = Scn™Af(Ngon™Ago*AMy) - 7 T - (11-12)

where: ) ,
Cyqust Is the concentration of asbestos structures (of any defined size
range or type) in the respirable dust of the sample (s/gdust) and all
other parameters are deflned as described above. "

Similarly, for long structures, use:

Caust = (Sgp + sc,)*/st,/[(Ngoh + gol)*A *AM] A o (1141g)
11.4.2 Based on Specimens Prepared from Scrubber Water | | : -

As described in Section 11.4.1, procedures for determining the concentrations of asbestos
structures in a sample differ slightly depending on whether the structures of interest are
longer or shorter than 5 pm. :

Structures that are shorter than 5 um in length are derived only from the high magnification
scan of an analysis.  Calculate and report the concentration of short asbestos in the original
sample based on the counts of short asbestos structures that are derived from the scrubber
suspensron as defined in Section 11.1.2 using the following relatlonshlp

Compl = ch*Af*%FtD*DF/(Ngoh 90*100 Mscrbr) : o o | . (1114)
where: o } R .

- Csmpl is the concentration of asbestos structures (of a defined size range

or type) in the original sample (s/g); :

Scn’ is the number of structures (of the defined size range or type of
interest) .counted during the high magnlf ication scan of the analysus,-s_-w

, A is the total area of the filter from whrch the specumen gnds were

. . prepared (mm )

%RD is the mass percent of resprrable dust in the sample and is defmed
usnng Equation 11-9 (%)

is the number of grid opemngs scanned dunng the hlgh

Ngoh
magmflcat:on scan of the .analysis;
Ago is the area of a single grid opening (m‘m2);
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- DF is the dilution factor by wbrch the scrubber squensron had to be '
diluted to prepare specimen grlds for analysrs (denved as deflned in

Equatlon 11~3) and
Mg I8 the mass of reso_irable dust coll'ected in. the scrubber suspension, |
' during the run (derived as defi ned in Equation 11—4)

_Structures that are longer than § um in length are derived from combined counts collected .
during both the high and low magnification scans of an analysis.  Calculate and report the
concentration of long asbestos in the original- sample based on the counts of long asbestos
structures that are derived from scrubber suspension as def ned-in Section 11 d.2 usmg the
followmg relatlonshlp . . ‘

C¢

smpl

(sch +5 ,)*A,*%RD*DF/[(N on + N

go,)*;\90*1oo*rvls(-:,b’,’]‘ .+ (11-18)

where : ' .
Csmpl is the concentration of asbestos structures (of a defrned srze range B
- or type) in the onglnal sample (s/g);- :

Sy s the number of structures (of the defi ned size range or type of
interest) counted dunng the low magnrf catlon scan of the analysrs

--and : .
Ng(;I _is "the. number of grld openmgs scanned dunng the low

magmﬂcatron scan of the analysrs

As an option for analysis of the scrubber suspension, asbestos concentratlons may also be
reported as a function of the mass of resprrable dust in a sample usmg the followmg v
‘relatlonshlps For short structures use : . , . : ‘

. . . , ) ' R } ‘ ) \
Cdust = Sch*Af*DF/ (Ngoh go Mscrbr)'- B , . : ‘ ,.(11'1 6)
where o |

range or type) in the respirable dust of the sample (s/gg,); and all
other parameters are defined as described above. _

" Similarly, for long structures, use:

;

Caust = (sch +s ,)*A,*DF/[(Ngoh # Ngol Ago™Msernd a7
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'11.4.3 Procedure for Adjusting Asbestos Concentrations to Aecqunt for -the
Presence of Coarse Material in the Sampled Matrix

As indicated in Section 8.4, due to the need to mcorporate field data into this calculatlon a
formal protocol designating who is to perform this calculation and how that individual is to
obtain the needed field information must be defined at the start of a study using this method.

To provide a representative measure of the concentration of asbestos in an environmental
matrix in which significant coarse material is found (i.e. more than 10% by weight), ﬂrst derive
an appropnate coarseness adjustment factor: -

CF = Mgne/(Mgng + Mcoarse) - o . k - (1119
where: ' .
CF is the coarseness ' adjustment factor for a partlcular sample

(dlmensmnless)
Mine  is the mass of fine material measured immediately after sieving the
sample: in the field (g); and

M

coarse IS the mass’ of coarse materlal measured lmmedlately after snevmg v

.the sample in the field (g)

Then, to determine the concentratlon of asbestos in the environmental matnx that was
sampled, perform the following adjustment o

Crotrx = CF*Csmpl . | : ) : (11-1 9)
where: ' - .
CF is the coarseness adjustment factor for a particular sample (derived
: as defined above); :
Critrx s the concentration of asbestos structures (of a deflned size range
or type) in the fxeld matnx sampled (s/g) and - ———
Csran is the concentra’non of asbestos structures (of a deﬁned‘ size rahge _

or type) in the sample sent to the laboratory (s/g). - This is
- determined as described in Sections 11.4.1 and 11.4.2 above.

11-14




' lfor thrs method in Sectron 2.1 2

12 0 PERFORMANCE CHARACTERISTlCS AND QUALITY CONTROL/QUALITY
AS‘EURANCE REQUIREMENTS

121 METHOD PERFORMANCE

The method deflned in thls document achreves the target performance requrrements defrned ,
in Section 21 .at a cost that should be competitive with other procedures that mlght be
desrgned to produce comparable lnformatlon (Section 2.4).

12.1 1 Analytrcal Sensrtrvrty

As: mdrcated in Section 11 1, dependlng on sample charactenstrcs between 1 and 8 grld
openings will lrkely have to be scanned:at high magnifit catron (20,000x) to achieve the target
analytical sensitivity for total asbestos structures of 5x10° S/8gjig- . Similarly, between 15 and
133 grid openings will likely have to be scanned at low magnn‘rcatron (10,000x) to achreve the
target analytical sensitivity for long asbestos structures: (longer than 5 pm) of 3x10 s/gsohd '

e

The defined sensitivities for.total and Iong structures were easrly ach: aj ; “dunng the prlot
study for the method (Berman et al 1994a) oy

121 2 Precrsron

| Results of the: pllot study for thrs method (Berman et al 1994a) indicate that when 50
. structures are counted, the average relative percent difference observed among eight sets of-
duplicate ‘samples (four sets of duplrcate samples analyzed by each of two laboratones) is
20%. . , _

o .The precrslon of an asbestos measurement (in this case, expressed as the relatlve percent’
difference)  should be inversely proportional to the square root of the number of structures
counted. Given that 10 structures are likely to be counted at the target concentrations for this
method (see Section 2.1.1) and, based on the precision observed in the pilot study when 50
_ structures are counted, it is expected that the average relative percent difference achievable.
for this method should be 43% at the target concentrations listed in Section 2.1.1. Thus,
- given the analytical sensitivities defined in Section 2.1.1 and the stopplng rules defined in
Section 11.1, this method is.capable of achrevrng a level of precision that is comparable with
the gurdellnes recommended in the CLP for the analysis of other. analytes in soils and det” ned-—

.The precision observed dunng the pilot study for this method is based on specimen gnds
‘prepared from the suspension collected in the scrubber of the elutriator (Appendix A). It is
expected that the precision achreved for analyses derived from scans of specimen grids
-derived by direct preparation of filters collected over the isokinetic samplrng tube of the dust .
‘generator (see Appendix A) will be significantly worse. Procedures are therefore rncorporated v
into this method in which the majority of samples will be analyzed based on ‘preparation of
specimen grids from filtered scrubber suspension with a subset of 5 to. 10% simuitaneously -
‘ analyzed using specimen gnds prepared by a direct transfer technlque from filters collected
~ over: the isokinetic sampling tube of the elutriator (see Chapter 10). The latter is required to
~ develop a regression relating these two types of preparations so that measurements can be
,evaluated usrng exrstlng dose- response factors for asbestos (see Sectlon 2.1.3);" existing
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dose- response factors tend to be based on the analysxs of samples whose preparatlon
corresponds most closely to a direct prepara’uon .

NOTE

It is anticipated that a direct, linear relationship will be observed between asbestos
concentrations derived, respectively, from scrubber suspension and from filters
" collected over the IST opening of the elutriator for samples collected from the same

environmental matrix. However, there is little reason to expect that such a relationship

will hold across samples collected from different environmental matrices. Therefore,

samples - to be employed to determine the relationship between asbestos measured -
from scrubber suspension and from filters mounted over the IST opening of the

elutriator should be selected and evaluated separately for each environmental matrix

sampled during a study for analysns using this method.

it must be recognized that compromises are required when developing a method of this type.
The proposed reporting of samples prepared primarily by an indirect technique with a small
subset of directly prepared samples (the. latter used ‘primarily to provide a link between the
reported measurements and existing dose-response factors) represents such a compromise.

The proposed procedure allows for the determination of relative concentrations with maximum
precision so that arbitrarily small differences in concentrations can be easily distinguished.
Among other things, this will facilitate distinguishing upwind and downwind concentrations by
a source. At the same time, somewhat lower precision is considered acceptable for
estimating the absolute risk associated wuth any particular measurement. _

NOTE

The uncertainty of the proposed régression to link results from directly and indirectly
prepared samples is expected to be attributable almost exclusively to the [imited
precision of the directly prepared samples. Therefore, use of the proposed regression
for estimating risks may not significantly increase the uncertainty of such a risk
analysis beyond what would be associated with assigning an estimated risk to an
asbestos concentration denved from a directly prepared sample in any case. ‘

it is also assumed that a sufficient number of samples (i.e. a minimum of approx:mately‘
10) will be co-prepared and analyzed to allow reasonable confi dence in the results of
the regression.

121.3  Accuracy

Based on the results of the pilot study (Berman et al. 1994a), there appears to be a problem °
with laboratory bias during the counting of asbestos structures in support of this method.
The bias is introduced specifically during the analysis of specimen grids because duplicate
samples prepared by the same laboratory using identical procedures nonetheless yield
significantly different counts by analysts from-each of two laboratories.
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" - Given that analysts wrthrn a snngle laboratory appear to be capable of achieving good
agreement on counting (also demonstrated in the pilot study), the problem of between-

~ laboratory bias will need to be addressed by the implementation of an aggressive inter-
- laboratory quality control (QC) program in which. samples are regularly shared among -
‘laboratories and a procedure’ for verified counting is instituted. _ It may also be useful to
promote meetings with discussion sessions in which analysts from different” laboratories
.discuss the interpretation of structures vrewed slmultaneously (erther dlrectly from a
mlcroscope or from a video). 5, : .

o 12 1.4 Asbestos Charactreristlcs

As was observed durlng the pilot study (Berman et al. 1994a) this method is easrly capable
- of preserving information concerning the distribution of the sizes and shapes of asbestos.
* structures that are likely to be released from environmental matrices that are disturbed by
- natural or -anthropogenic forces. . As indicated in Section 2.1.3, such information is critical to

evaluatlng the potential ‘health effects of the asbestos dusts ‘generated by releases from

asbestos -containing matrices (see, for example, Berman and Crump 1989).

lnterferences and llmltatlons concernmg the ability to identify and- characterize asbestos
- structures using the counting and identification rules of the ISO Method, as adopted for this

method (Section 11 1) are described in the ISO Method (Chatt” eld 1993).. :

1241, 5 Reportlng Requlrements “

As mdrcated in Section 11.4, the concentrations of asbestos structures (of any def ned size or

type) that are measured using this method can be easily reported either as a function of the

mass of the sampled material or as a function of the mass. of respirable dust in the sampled

~ material. This should allow sufficient flexibility to facilitate use of results from this method in

. concert with any of the fate and trahsport models that may be employed to predrct exposure
- (Sectron 2.1.4). ‘ . l

12.2 QUALITY CONTROL REQUIREMENTS

The quality assurance/quality. control (QA/QC) requrrements md:cated in the ISO Method

- (Chatfield 1993) shall be considered relevant and appropriate when using this method. In
addition, the following blank -and dupllcate/repllcate schedule: shall be ‘employed when o
running sampies usmg thrs method - A , e,

!

12.2.1 Blanks

N

The followmg blanks shall be collected routmely in concert with use of thls method

- lot blanks or filter blanks Two filtérs from each lot of 50 filters obtained from the .
' ~manufacturer shall'be prepared using a direct transfer procedure and analyzed to
assure that background contamination on the filters does not exceed 10s/mm?2
‘ : . (Section 6.6). Only filters from lots whose blanks pass the def ned cntenon shall
, L ‘be used in. support of this method ‘

- laboratory blanks A sufficient number of laboratory blanks shall be collected,
C prepared usrng a direct transfer technlque and analyzed to show that the roomin
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which bulk samples are handled and prepared satisfy the requirements defined in
Section 10.6 of Chatfield and Berman (1990). When laboratory blanks indicate
that room air is out of compliance with the stated criterion, use of this method is
to cease until appropriate correctlve actions are completed;

field blanks. Field blanks shall be collected during any sample coliection
activities performed in association with use of this method. The number of such
blanks to be collected and the schedule for their analysis shall be determined
based on the complexity of the anticipated sampling scheme and shall be
defined as 'part of the sampling plan for the site. QC criteria for f eld blanks will
also be set as part of the planning for the study;

equipment blanks. Equipment blanks are collected at the beginning of each run
of the dust generator, as described in Section 9.4.3. Equipment blanks do not
generally need to be analyzed on a regular basis but shall be stored in case their
use is required to help determine the source of contamination that may be
discovered by some other means; :

run blanks. Run blanks are also coliected at the beginning of each run of the
dust generator, as described in Section 9.4.3. One run blank shall be analyzed
routinely for the first run completed on any particular sampie. The remaining run
blanks generated in association with a particular sample shall be stored in case
their use is required to help determine the source of contamination that may be
discovered by some other means. ~

Should asbestos structure counts on run blanks exceed the target criterion of
10 s/mm?, use of this' method shall cease ‘until appropriate corrective actions
have been completed and new run blanks are shown to achieve the stated
criterion; and

scrubber blanks Scrubber blanks shall be derlved by collecting a 1- ml aliquot of
scrubber liquid (after the scrubber is loaded and assembled for a run but before
heating of the scrubber is initiated), diluting the aliquot to 10 m|, and completrng
the preparation of the diluted aliquot as described in Section 9.4.6. Scrubber 7
blanks do not need to be analyzed routinely but shall be stored in :

case their use is requrred 1o help determine the source of contamrnatlon that may.--: - -

be discovered by some other means.

In addition to the above listed blanks that must be collected routinely in association with use
of this method, the following may prove helpful for identifying the source of any contammatron
that might be detected in association with use of the dust generator

modified run and scrubber blanks. Modified run-and scrubber blanks may be
generated by setting up and operating a clean dust generator without sample.
Filters may be collected from either the ME or the IST opening of the dust
generator at any point of such a run. Similarly, ahquots of scrubber liquid may
be withdrawn from the scrubber at any point. Such blanks may prove useful for
determining whether contamination is being introduced . by any of the
components of an operating dust generator (including, for example, the constant
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humidity solutlon the rotating tumbler, the elutriator tube the air transfer lmes
and/or the glassware or hqund of the borllng scrubber) and

- post run scrubber blanks. A post-run scrubber blank may be generated by
repeating the rinse of the transfer lines, condensers, and scrubber flask
immediately after the quantitative rinse conducted for a particular sample (see
‘Section 9.4.6). The resulting liquid must then be weighed, diluted quantitatively,

- and prepared in the same manner as described for the scrubber suspension of a
sample (Section 9.4.6). The normalized concentration of asbestos structures .
found in such a blank shall represent no more than 10% of the concentration of
asbestos structures observed in the sample prepared- lmmedlately prior to
collecting the post-run blank. - Higher blank concentrations shall be considered
. unacceptable. If blank concentrations are observed, procedures for quantitative
- rinsing shall be- reviewed, modified, and tested ‘until losses can be shown to be
. acceptable. ' , :

NOTE I ‘A o R
Asbestos observed in post-run blanks constltute asbestos that |s lost from a
- sample dunng preparatlon '

12.2.2 ‘Duplicates/Repllcaltes -

A fixed fraction (5 to 20%) of the samples collected in the freld in support of this method shall
be collected as spatial duplicates (two samples collected at immediately adjacent locations).
These shall-be labeled and sent to the laboratory in such a manner so as to assure that
laboratory personnel cannot ldentlfy them as duplicates. The frequency of collection of
spatial duplicates shall be defined as part of the sampling plan for the site. Comparison of -
the results of the analysis of such samples provides ‘a measure of all of the components of
total precrsxon except populatron variability. | ' :

~ As indicated prevrously (Sectlon 8.2.1), 100%: of the samples shipped from the field are to be

- shipped as -duplicate pairs. - The laboratory shall randomly select 10% of the duplicate -
samples shipped from the field and shall analyze both samples of the pairs so selected.— -

" Comparison of the results of the analysis of such samples, which are homogenized splits of

- the same sample, prowdes an’ lndrcatron of the precision achleved by sample preparatlon and
analysxs -

Should analysis of dupllcate parrs indicate an. unacceptable degree of vanabrhty (ie. a relatlve
percent difference greater than 50%), replicate counts shall be performed on designated
. samples by multjple analysts in the laboratory (or by the same analyst on different days).
- Laboratory management shall assign such counts so as "to assure that analysts cannot
~ determine which counts are replicates. Results of such rephcate counts shall serve to
dlstmgursh whether the major source of variability observed among duplicate pairs is due to
analysns orto sample prepara’uon Appropnate corrective actrons may then be devised.
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' 13.0 REPORTING REQUIREMENTS .

13.1 '«FlELD AND LABORATORY NOTEBOOKS
Over the course of the project, information critical to the proper reporting and lnterpretatlon of
- each sample analysis will be developed both in the field and in the laboratory. .Formal
- procedures are required to’ preserve such information and to allow: for the documentation of
attendant information that, while not employed directly in the calculatron of results, may
provrde msrght lnto the mterpretatlon of such results

13. 1.1 Fleld Notebooks

Durmg sample collectron detarled notes will be kept in -a standard field or Iaboratory

notebook that is bound and pre-paginated. . All entries to the notebook are to be dated and

initialed. Information to be recorded dunng sample collection should rnclude (but is not -
-~ fimited to) k . :

(@)  reference to this method; - ) o ' S

a (b) the project title, rdentlflcatron of the site, and" the names- and titles. of field
personnel partlcrpatrng in the sampling effort ,

- {0 - identification of each sample or fraction of each sample. handled in the field;

(d) the date and time that ‘each sample was collected and the tlme rnterval durrng
: which each sample was prepared in the field;

 (e) the locatron from which each sample was collected and the manner in which )
‘ -sample locations were selected (lncludrng reference to the sampling plan under -

" which sampllng was conducted) ' . .
() ‘,a general descnptron of the physrcal appearance of the materials sampled

- (g) the types of equrpment and the procedures employed to collect each sample

;

(h) 'a summary of the procedure employed for field preparation of each sample

. (including, for example, the number of passes through a riffle splitter employed

. - for homogenization, ‘and the: number of splrts requrred to reduce the sample to
. the size requrred) ‘

() the relevant |dentltres and weights of each fraction of sample handled dunng field
_preparation (including specifically the weights of the coarse and frne fractions
) separated from each sample dunng srevrng) : \ < | -

' @) _other relevant field observatrons (including, for example the- meteorologrcal ,‘
. conditions under whrch samplrng was conducted) and

(k) the rdentlflcatron weight, and rntended destrnatron of each sample shlpped from
the freld :
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13.1.2 Laporatory Notebdoks

During sample handhng, preparation, and analysis, detalled notes will be kept in a Iaboratory
notebook that is bound and pre-paginated. Al entries to the notebook are to be dated and
initialed. Information o be recorded dunng sample preparation and analysis should mclude
(but is not limited to):

(@) reference to this metho‘d' o ‘ .

(b) identification of each sample ‘or fraction of each sample recelved from the field
" and the date and time that each sample was received; : '

(c) identification of all laboratory personnel who participate in the preparation and
analysis of samples and the specific operations performed by each;

(d) identification of reagents, equipment, and supphes employed dunng sample
handling, preparatlon and analysis; :

(e) relevant material welghts and/or volumeS'
() the lot number and manufacturer of the filters employed durung sample
preparation; ) .

(@) a summary of the procedure employed for laboratory preparation of each sample
(including, for example, the number of passes through a riffle splitter employed
for homogenization and the number of sphts required to reduce the sample to the
size required);

(h) the relevant identities and weights of each fraction of sample handled dunng ’
laboratory preparatlon ‘

(i) the setup conditions employed for the dust generator (mr'ludlng, for example, the
identity of the salt employed for humidity control, air flow conditions, and the
setting on the variable voltage transformer employed for the scrubber); ‘

() the date and starting time, description (including, primarily, the tumbler rotational
speed), and sample identification fer any run cOnducted on the dust generator;

(k) the weight and identity of the sub-sample placed in the dust generator;

() the identities, time intervals of collectloh the starting and ending weights, and the
net weights of filters collected during a run on the dust- generator that are to be
used to determine the rate of dust generatlon :

(m) the figures and calculations employed to determlne the rate of dust generatlon
and the quantity of dust in the sample;

(n) the identity, time interval of collectlon starting and ending weights, and the net
weights of filters collected during a run on the dust generator that are to be used
to generate specimen grids for asbestos analysis; :
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"(0) the identity, time interval of collection, the weight/volume, dilution factor, aliquot
‘rdentrfrcatron and filter rdentlfrcatron for the coliection, handling, and filtering of
scrubber suspensron . :

(p) the rdentrty of all fllter sectrons used for preparatron of specrmen grids and the
identity of the 'specimen grids (include a description .of the-sector and radral ‘
distance from the center of the filter represented by each sectlon)

(a) energy levels'and settmgs for rnstruments employed for analysrs

(n flow rates, pressures, temperatures and other relevant physrcal parameters that
‘ potentlally rmpact procedures : :

‘(s) ‘room condrtrons (i.e. temperature relatrve humrdrty and ventrlatron rates)'
- prevailing during sample preparatlon : .

1) other relevant observations (including, for example, any difficulties encountered
during preparation and analysis and any procedural changes lncorporated into—
- the method that are necessrtated by such drfflcultles)

“(u) ;'documentatron of all. calculatrons performed in support ‘of preparatlon and
. analysrs i :

(v)  all relevant QA/QC rneasurements (lncludrng the results of the analysrs of all‘
’ blanks duplrcates and replrcates—see Chapter 12) and o

{w) a detalled trme log -of events mcludrng the trme that partrcular procedures are
mrtrated and completed for each sample :
13.2 “FIELD ACTlVlTlES REPOFtT
To assure that the field information required to complete estimation of dust and asbestos‘ 'l
concentrations and release rates are provided to the data users, a field activities report must
. be ‘completed and must be submitted to the laboratory along with the corresponding
" samples. Laboratory personnel are then: to attach this report directly to their batch report
- which shall cover the correspondmg batch of samples :

: ~ The fi eld actrvrtres report shall rnclude the followmg for each sample batch, at a mrmmum
(a), the. prolect trtle and the ldentrfrcatlon of the site;
- (b) reference to this method'
_ (c)- reference to the samplrng and analysrs plan under which samples were collected

-(d) a brief descrrptron of the ob]ectlves for sampllng,

(e) a brief description of the procedures employed for. selecting sampllng locatrons
‘ and the motivation for employing such procedures :

V-
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(f} for'each sample in the batch ’acco'mpanying the report:
"~  the identifier for each sample‘ fraction submitted to the 'laboratory;

- the identifier- for the original - sample from which each submitted sample
fraction was derived; . :

the type of equipment and reference to (or a brief descripti‘on of) the
procedures employed for coliection of the original sample;

the coordinates at which each original sample was collectedss;

the total mass of the .original sample from which each sample fraction
‘originated and the masses of the coarse and fine. frac.tsons separated dunng
. sieving of the sample in the fi eld

a brief descnptlon of the procedures employed for ~sample homogemzatlon o !
and for sample splitting; , | o

the date and time that each sample was collected and the. date and time that
each sample fraction'was prepared in the field; and : .

a brief discussion of any devxatuon from the sampling and’ analysns plan not
covered in e. :

An example of the format to be employed for a field actlvmes report |s provided in Flgure .
13-1. ‘

13.3 SAMPLE ANALYSIS REPORT

The sample analysis report for each sample shall include the following at a mlnlmum
(a) reference to thls method,;
(b) reference to the sample identification and batch number for the sample;
(c) the date and site from which the sample was collected;

(d) the weights and identities of the coarse and fine fractions of the sample and the
sub-sample of the fine fraction sent for analysrs

(e) the weights and identities of any splits or other fractrons of the sample generated
during laboratory preparation;

() the weight and identity of the sub-sample placed in the dust generator;

If the submitted sample fraction is a sub-sample of a composite, what should be described here is the specific area of
concern (or portion thereof) that is intended to be represented by the composrte).
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o , © FIGURE 131 -
- o o FORMAT FOR THE FIELD ACTIVITIES REPORT

’ Name of field activities contractor . - Report Title: . . : . - . i Date
Address of contractor - . : Report Number: . - L ‘ ) .
Contact Name -

. Telephone Number

PROJECT/SITE:
" Name
Address

'METHODSANDPROCEDURES o - ' L ' : o - , ~

- Field Investlgaﬂon Design: (Reference the sampling. p/an)
_Sample. CoIIechon and Handling: (Reference this method)

SAMPLING OBJECTIVES v
" (Complete a brisf description here)

SAMPLING LOCATION SELECTION PROCEDURE:
(Complete a brief dascription here)

SAMPLE DATA

Mass |- Mass Samplel Duphcatel . Date| - Tbme|CommenIs'

Field Location | Massof | - Mass| Mass |
. Sample Identifiers | Sample | Fine Coarse | Sample | Duplicate Split | “Split. | Sampled Sampled |
“Number |. S Fraction | * Fraction Split |, - Split ID | 0 | _ | Include identification
II S . - ’ - - . | of all field sampling
; . - . | and field preparation
" | procedures employed)

| I
| |
I I
| A I
| , _ o [
. S [ - -
P R [
| I
I I
I I
I I

I
I
I
I
. -
R 4
I
I
I
I

— e e




An example of the format to be employed for a sample analysis report is presented in Figure

13-2.

13.4 - SAMPLE BATCH REPORTS

In addition to the sample analysis report for each sample, provide a summary page for each
batch of samples representing an entire project. The summary sheet shall include: .

(a) the project title;

{b) reference to this method;

(c) the date that samples were collected the date they were recelved by the
laboratory, and the date they were analyzed

d a summary Irstrng of sample results mcludmg

the sample number;

the estimated con‘cehtrationi of respirable dust in the sample;

the analytical sensitivity achieved for each size/type“oategory of interest;
the total number of structures of each size/type category of interest counted;

the concentration of asbestos structures of each sizeftype' category of
interest in the sample and in the respirable dust of the sampie (both reported'
along with corresponding 95% confidence lrmrts), and

the concentratron of asbestos structures of each srze/type category of
interest estimated for the environmental matrix that was sampled in the field
(reported along with correspondrng 95% confidence lrmrts)

An example of the format to be employed for sample batch reports is presented in Flgure

18-3.

.
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! FIGURE 13— -2
SAMPLE ANALYSIS REPORT FORMAT

LaboretowName S o R - - . ReportDate

‘Laboratory Address- - . . o - : . : Project Name (Optlonal)
Laboratory Contact - o A - :
' Telephone Number . . A o o METHODS. A

(reference this method}

Date Analysis Started (M/D/Yr) -
Date Analysis Completed (M/D/Yr)
Analyst(s) Initials

Laboratory Sample No.
Field Sub—Sample ldentification No.
Field Preparation Technique (Attach a Copy of the Relevant Field Activities’ Report)*
Additional Laboratory Preparation Procedures (descr/be any employed)
Sample Drying
Sample Splitting - : : :
Other U . i S ' oo

TEM Analysxs
Effective Area of Analytical Filter (sq mm)
(Indicate whether from Scrubber or from IST Opemng)
i Magmflcatlon : .
Grid Opening Area (sq mm)
Number of G.O. Scanned
) ‘Asbestos Structure Size and Type Categorles of- lnterest (see Chaifield 1993)
Minimum Acceptable Structure Identification Category (see Chatfield 1993),
Dust Generator
Mass of Sample Tumbled (g) : '
Air Flow Rate Through ME Opening of Dust Generator (ml/mm)
* Air Flow Rate Through IST Opening of Dust Generator (ml/mln) v . :
Air Flow Rate Through Scrubber (my/min) o ) o
Estimated Tota[ Air Flow Rate Through Elutnator (ml/mm) ‘ v : ' '

_Total Mass of Dust Collected on Dust Filters (g)
‘Time of Dust Collection (24 hour clock) at 30 rpm
Start:
Stop:
“Time of Dust Collection (24 hour clock) at: 60 rpm . : . C - .
Start: o o - . : - S -
. Stop . . . : < .
Estimated first—order rate constants for dust genetatlon (mm L)
~ At 30 rpm:
At 60 rpm:
Estimated Starting Mass of Respirable Dust in Sample (g)
(Attach time plots and calculations) -

Sarﬁpies from the Scrubber Suspension
Total Volume of Scrubber Suspension (ml)’

- Estimated Mass of Dust Collected in Scrubber Suspension (g)
Volume of Aliquot Withdrawn from Scrubber Suspensmn (mb
Volume into which Scrubber Aliquot Diluted (ml) '

Dilution Factor (dimensionless)
Volume of Aliquot Flltered (from Dlluted SuspenSIon) (ml)

Samples from the Isokinetic Sampling Tube (IST) Opemng of the Dust Generator .
(indicate whether 30 or 60 rpm run)
Time of Collection (24 hour clock)
Start: :
. Stop: o - ' . . o )
Estimated Mass of Dust Coliected on Filter - ; : '

r

.Pageiof2 ., o S v S




FIGURE 13-2
SAMPLE ANALYSIS REPORT FORMAT (Cont.)

Laboratory Name ) ' : , . Report Date

Laboratory Sample No.

Low High
Magnification Magnification

Chrysotile Asbe:stos Analysis Results: ‘
No. of Total Chrysotile Asbestos Structures . XXX

No. of Long (> 5 um) Chysotile Asbestos Structures .
No. of Total Chrysotile Asbestos Fibers/Bundiles XXX

No. of Long (> 5 um) Chysotile Asbestos_Fibers/Bundles . S R

Low High
Magnification Magnification

Amphibole Asbestos Analysis’ Results:

No. of Total Amphibole Asbestos Structures XXX
No. of Long (> 5 um) Amphibole Asbestos Structures .
No. of Total Amphibole Asbestos Fibers/Bundies XXX

No. of Long (> 5 um) Amphibole Asbestos Fibers/Bundles
(Indicate Amphibole Mineral Type)

ESTIMATED CONCENTRATIONS OF RELEASABLE ASBESTOS IN SAMPLE -
. Conc. . . 95%UCL

Total Chrysotile Structures per g Sample:
Total Amphibole Structures per g Sample:
Total Asbestos Structures per g Sample:
Long Chrysotile Structures per g Sample:
Long Amphibole Structures per g Sample:
Long Asbestos Structures per g Sample:

Estimated Analytical Sensitivity: (structures/g sample)

ESTIMATED CONCENTRATIONS OF RELEASABLE ASBESTOS IN RESPIRABLE DUST OF SAMPLE
- Conc. - 95%UCL '
Total Chrysotile Structures per g Dust: : h
Total Amphibole Structures per g Dust: ’
Total Asbestos Structures per g Dust:
Long Chrysotile Structures per g Dust:
Long Amphibole Structures per g Dust: -
Long Asbestos Structures per g Dust:

Estimated Analytical Sensitivity: (structures/g dust)

(Attach a Copy of the TEM Raw Data Sheets)
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] FIGURE 13-3 .
SAMPLE BATCH REPORT FORMAT

Laboratory Name . . T " : - . ReportDate:

‘Laboratory Address - e A : - . : ‘ . Project Name (Optional)
Laboratory Contact - - ‘ o : ' : e o '
Telephone Number ' - Lo » R ' METHODS: ,
- . : L . . ’ - (reference this method)

' RELEASABLE ASBESTOS IN-RESPIRABLE DUST

‘ Leibbratqu

Total “Long Dust | ~ Dust | Commeénts;
Samplel.D, -

.Respirable | = Asbestos © Total’ ", Total| - Asbestos Long’ ~long|  Generation| Generation |
Dust| -. Analytical | Asbestos |~ Asbestos Analytical'|  Asbestos|  Asbestos | Rate | - Rate
Conc|  Sensitvity| . .Conc| 95% UCL .Sensitivity | Conc| 95%UCL| . (at30rpm)| (at60 rpm)

(glgsmpl) |  (s/gdust) {s/g dust) (s/g dust) (s/gdust) | . (s/gdust) | - (s/gdust) (minY) " min7?)

-
N
L
|
,1

RELEASABLE ASBESTOS IN LABORATORY SAMPLES

Laboratory - Total | R ] Leng| C jGomments:
SamplelD. . Respirable | * . .Asbestos | Total | - Total | Asbestos | “Long' . lLong o

o Dust | Analytical Asbestos Asbestos | -~ Analytical Asbestos Asbestos
Conc |; - Sensitvity | -~ Conc| 95%UGCL| . Sensitiity Conc| 95% UCL

A } (afg smpl) |* (s/g smpl)l. (S/gsmpl).{ (s/g smpl) | (slc_:lsmlol),I - (s/gsmpl) | (s/g smpl)

|
, Lo
» [,
R o m
3

RELEASABLE ASBESTOS IN FIELD SAMPLE MATRICES

Field |- o _ Adjusted | Adjusted |  Adjusted|  Adjusted | Adjusted | Comments:

- Sample|.D. | Mass | = Mass| Respirable] = -~  Total| ~ Total | ~Long| . Long | :
- Fine| . GCoarse|  Dust| ' Asbestos Asbestos Asbestos | Asbestos | .

" Fraction| - Fraction| : Conc | Conc| 95%UCL Cong | 95% UCL

‘ {91 9 | (@gmtng ] - (s/gmtrx) | (s/gmtx) | (sfgmtr) [ (s/gmtrx)

Laboratory
Sample 1.D.

|
|
I
g
l
l

|
|
|
l
I.
-
|
|
I
l
|
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- APPENDIX A: '
- CONSTRUCTION AND OPERATION OF A DUST GENERATOR
FOR ISOLATING THE RESPIRABLE FRACTION OF MATERIAL
' FROM SOILS OR OTHER BULK" SAMPLES :

The dust generator rncorporated rnto this method for the determmatron of asbestos in soils -
and bulk materials is designed to - isolate the resprrable fraction of material (including the
releasable fraction of resprrable asbestos) that is present within the matrix of the ‘parent

. sample. A description of the apparatus is provided below along with a brief discussion of the ;
theory of its operation. Figures depicting design of the prototype are also provided in the last
sectron of thls appendix to facilitate de3|gn and constructron of similar equrpment

A1 DUST GENERATOR DESCRIPTION - e

The dust generator is, composed of a tumbler, a vertrcal elutriator, a dust collectron system :
. and a scrubber. A schematic diagram of the apparatus’ is presented in Figure A-1 and a

photograph of the apparatus is shown in Figure A-2. The appurtenant equrpment requrred to
T operate the dust generator is also shown in Frgure A-2. ThlS includes: .’ '

ﬂ - ‘ a DC motor to dr|ve the tumbler

. a constant humldrty chamber to control the humidity of the air that flows into
- .the dust generator. This is the clear plastic box enclosing the tumbler in the
photograph; L T ‘ '

. 7‘ the pumps required to create an air flow through the dust generator and the - - ' ‘ ‘
" flow controllers required to monitor and apportion air flow through the various
filters and the scrubber; and , ;

. the heating mantle, varrable voltage transformer and coolrng towers requrred , )
- for the scrubber . :

A1 1 The Tumbler

3

- The tumbler is located in the clear plastrc enclosure at the bottom of the dust generator .-
~ (Figures A-2 and A-3). It is a long shallow tube of square cross .section that is approximately
,1 and 1/8 inches in herght and wrdth and has an overall length of 10.inches (Frgure A-4).

The tumbler rs dnven by a variable’ speed DC motor, which rotates the tumbler around its

~ long axis. The tumbler’s rotation rate can be varied over the range of 10 to 150 revolutions
per minute (rpm).. The DC motor is attached .to the tumbler using a slip-on type flexible
coupling so that they can be readily detached simply by pulling the motor. away from the
tumbler. The tumbler can also be readily: detached “from the connection tube to the elutriator:

‘they are connected with a slip fit over the outer race of the -bali bearrng assembly that is -
rwelded to'the end of the tumbler (Frgure A-4 ) :




FIGURE A-1
SCHEMATIC OF DUST GENERATOR
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FIGURE A-3
TUMBLER IN CONSTANT HUMIDITY CHAMBER







NOTE

The seal between the tumbler and elutriator need not be air tight. In fact, a small leak
-at this fitting will reduce the chance that particles discharged from the tumbler will

settle in the entrance tube to the elutriator. However, such a leak must not be more
* than 10% of the total airflow through the tumbler. - :

Once the tumbler has been detached from {he motor and elutriatoi', it can simply be lifted out.
of the constant humidity chamber. :

The top cover of the tumbler is secured with 10 screws and can be removed so that the
tumbler can be loaded or cleaned (Figure -A-4). A rubber gasket is employed to assure an -
airtight seal between the tumbler cover and body. .

A.1.2 The Constant Humidity Chamber

The plastic enclosure that houses the tumbler and isolates it from outside air, except for an
opening at the top front of the enclosure, is designed as a consiant humidity chamber
(Figures A-2 and A-3). Air drawn into the front of the enclosure flows successively over two
trays (located on shelves at the top of the enclosure) before being drawn into the tumbler.
The trays are designed to hold a saturated salt solution that is selected to exhibit a vapor
pressure equal to the relative humidity desired for running the dust generator. The path’
length over the two trays is designed to assure that air drawn through the device will come to
equmbnum at a relative humidity within a few percent of the desired value (assuming that the |
outside air exhibits a starting humidity within the range common to Pasadena, Callfomla1) '
the path length must be sufficient to allow adequate exchange -of vapor between the salt
solution and the moving air. -

For most studies, a relative humidity of approximately 50% should be employed because this
is the humidity at which emission of asbestos is expected to be maximum (Zimon, A.D. 1982).
At higher humidities, air moisture tends to wet surfaces so that aggregation decreases particle
release. At lower humidities, electrostatic effects tend also to cause aggregation and,
therefore, also to decrease emissions. A saturated solution of potassium carbonate dihydrate
is recommended for most applications because such a solution maintains equilibrium with air
at 43% relative humidity at room temperature (20° C) with less than 1% change in humidity
over a range of temperatures varying by several degrees on either side of room temperature.

For special applications of this method, where dust generation is to be run at a different

relative humidity than that produced over a saturated solution of potassium carbonate
dihydrate, the conditioning pans in the dust generator may be filled with a saturated solution
of another salt. Such salts may be selected to yield any of a broad range of conditions. For
example, the International Critical Tables provides a list of saturated salt solutions that
maintain equilibrium with a broad range- of relative humidities i in air.

The protolype device was constructed and fested in Pasadena The design of the constant humxdlty chamber may
have to be modified slightly (e.g. by i |ncreasmg the number of trays) for operation in other locales.

A6




A.1.3 The Vertlcal Elutrrator

The vertrcal elufriator is the tall metal cylrnder vrsrble in Flgure A2. lts dlmensrons were
_selected to assure that the path length traversed by particles in the elutriator is at least 10
times ‘the diameter of the elutriator (in the direction perpendicular to the air tlow) Thus,
channellng is expected to be minimized. (Deninis, R 1976)

The elutnator separates resplrable from non- resprrable particles and resp|rable particles are

passed on to dust collection filters and the scrubber. Air flow within the elutriator is adjusted

_to a velocity such that only those particles in the respirable size range will be lifted to the top.

" The velocity of air selected for the. elutriator determines the rate of air flow through all of the :
' other parts of the dust generator. : :

The maln body of the elutriator is composed of two, 20 in. sections of 4-in. i.d. starnless steel :

* tubing with a tapered, o-ring flange welded to each end of each tube (Figure A-5a and b).
These flanges allow the two halves of the main body to be connected to each other and to ‘
the top and bottom assemblies of the elutriator using qurck release pressure clamps (Figure
A-5a). :

The entrance tube to the elutnator (from the tumbler) is pointed downward at its exit point in
the bottom of the elutriator (Figures A-1 and A-5b). - This geometry was selected to prevent

., introduction of a large concentration of particles into the bottom center-of the elutriator. This
geometry should also promote a flatter velocity profile'in the air traveling up the elutriator. ' It
is' expected that respirable particles will make the upward turn because the taper at the
~ bottom of the elutriator promotes a hrgher velocity profile at this:location than in the main
‘body of the elutriator (where | the air velocrty is just sufficient to lift particles in the resplrable '
size range but no larger) )

The bottom assembly of the elutriator has also been designed to allow the removal of coarse

- particles while assuring that respirable partrcles remain in the elutriator air stream (Figure A-6a
“and b)., This is to minimize buildup of a zone at the bottom of the elutriator of a high

concentration of coarse particles - through which resprrable particles would have to pass

before moving up the elutriator to the dust collection system. Thus, it is expected that

collisions between resplrable particles and, coarse particles (with. subsequent Ioss of .

resprrable partlcles due to aggregatron) are minimized. :

An opening at the bottom of the elutrlator allows coarse partlcles to pass into a.removable,

glass cup (Figures A-1 and A-6a and b). . The glass cup has a small side arm that is

connected to a two fi. piece of one quarter in. i.d. Tygon tubing. “ The far end of the Tygon‘

tube is open to the air. It has been found that, as long the Tygon tube js not crimped -or
© otherwise blocked, air drawn through this tubeis Just sufficient to prevent respirable particles

from passing through the bottom opening. of the dust generator rnto the’ glass cup whlle
! allowrng larger partrcles to do so. A :

There are four .openings where air may exrt from the top assembly of the elutriator (Flgures
A-1.and A-7a and b). The two side openings lead into the scrubber (described below). The
two top openings lead into the air filter cassettes of thé dust collection system through two
- different paths; one draws air isokinetically from the uniform portion of the elutriator through a
long, thin-walled tube and the other draws. air from the top, tapered part of the elutriator -
(Frgures A-1 and A-7a and b). For ease of reference, the opemng in the elutriator that draws

AT




FIGURE A-5
BODY OF VERTRICAL ELUTRIATOR







- FIGURE A-7 ’ -
1 TOP ASSEMBLY OF VERTICAL ELUTRIATOR , '
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air through the rsokmetrc samphng tube is labeled the "IST" opening .in this document.’ The
opening that draws air from the top of the main body ‘of the elutriator is labeled the "ME"
openmg The dust collectlon system mounted over both of the top openings of the elutnator
is described below. v .

“Al.4 The i)ust Collection System‘

,‘The dust coIIectron system conS|sts of two mounts for fllter cassettes welded to each of two
sliding mechanisms, which in turn are mounted directly over the exit openings of the top"
assembly of the vertical elutriator (Frgure ‘A-8a and'b). An underside view of the tapered top
piece of the elutriator was also shown in Flgure A-7a in whrch the rsokrnetrc samphng tube is
vrsrble T < ‘ : ‘ '

The sliding mechanisms permit. the filter cassettes aligned over the ME and the IST openings

- of the elutriator, respectively, to be changed with minimal disturbance of the air flow: at either
of the two extreme positions in the travel of each slide mechanism, one of the two. cassette.
mounts -are allgned over the corresponding exit opening of the elutriator and the other is
. effectively: isolated from the air flow. Details of the sliding mechanrsms and filter mounts are
"~ shown in Frgures A-7b and A-8a ‘and b. ' : :

NOTE

The slides are sealed. against the elutrrator with o-rings. These must be inspected
penodrcally for wear and replaced |f worn o

= The desrgn of the filter mounts in the dust collection system proved to be important to the
performance of the dust generator; it is. critical that these mounts be leak tight. The design

that was ultimately adopted is depicted in Figure A-9a and'b. The filter mounts each consist - '

of a tapered aluminum basé that is glued to the bottom half of a commercnally avallable filter
cassette.: l :

The  aluminum base of a filter mount is sealed in each of the openings of the slide
mechanisms with the o-rings that are visible in Figure A-7b. The bottom half of the plastic,

. 25 mm filter cassette is glued into the inside taper of the alumlnum base. Filters are mounted . -

in the traditional manner between the top and bottom halves of the plastrc filter cassette, ’
which are then pressure sealed. To further assure a good seal, pressure tape is also applred
to the outside of each filter cassette at the seam where the fllters are mounted "

A1 5 The Scrubber - R

The’ scrubber which can be seen srttlng on the table to the right of the marn body of the dust
generator in Figure A-2, is. constructed from ordinary laboratory glassware. In the scrubber,
water is boiled in the bottom of a 1-liter, round bottom flask (shown seated within a heatrng
mantle). A straight-jacketed, cold-water condenser is incorporated along the entrance line to
‘the scrubber and a spiral condenser is incorporated along the exit line from the scrubber. An. -
- immersion pump circulates water between a. cooler containing a water-ice mix and the
" condensers.. Water-flowing into the condensers is maintained at approxrmatety O° C to
- prevent moisture from leaving the scrubber. : : o




FIGURE A-8 :
DUST COLLECTION SYSTEM
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Particles in the air stream entering the scrubber serve as nucleation centers around which the
steam in the scrubber condenses. The resulting water droplets eventually fall back into the
water reservoir.at the bottom of the scrubber so that the trapped partrcles are collected in this
reservoir. :

A flowmeter and a filter cassette are also placed in the air flow lrne that exrts the scrubber
(between the scrubber and the vacuum pump). The primary reason for including the filter
cassette is to make the pressure drop through this path approximately equal to the pressure
drop through the other filter cassettes mounted on top of the elutriator (the dust collection
system). The pressure drop through the elutriator and scrubber is small enough not to affect
the flowmeter operation. :

A.1.6 The Configuration of Air Transfer Lines

A schematic indicating the configuration of air transfer lines leading to and from the scrubber
is presented in Figure A-10.- As indicated in the figure, the two side exits from the elutriator
are each attached to one it sections of 1.00 in. i.d. Tygon tubing, which then join at a glass
"Y* connector. The stem end of the."Y" connector is attached (with a one ft section of 1.00 in.
i.d. Tygon tubing) to a diameter reducing piece of glass that feeds into the entrance
condenser to the scrubber through a rubber stopper The large tubing is held in place at
connections by ring clamps (Figure A-2). ‘ '

Also as indicated in Figures A-10 and A-2, the exit condenser of the scrubber is connected to
a flow control valve with 0.25 in. i.d. Tygon tubing. The exit side of the flow control valve is
connected first to a 25 mm filter cassette and then to a vacuim pump. Both of these
connections also use 0.25 in. i.d. Tygon tubing.

A schemaﬁc indicating the configuration of air transfer lines leading from the filter cassette
mounts of the dust collection system is depicted in Figure A-11. A photograph of the transfer
line connections is also presented in Figure A-12, As indicated in the figures, a 0.25 in. i.d.
Tygon line leads from the exit side of each filter cassette to a plastic, stop cock valve.
Another Tygon line then leads from each valve to one of two plastic "T* connectors so that -
the pair of filter cassettes mounted on the slide mechanism over the: IST opening of the
elutriator are joined (beyond the stop cock valves) and the pair of filter cassettes mounted on
the slide mechanism over the ME opening are also joined (beyond the stop cock valves).
The common line from the exit side of each "T" connector is then connected first 1o a
flowcontrol valve and then to a vacuum pump. All such connections use 0.025 in. i.d. Tygon
tubing.

NOTE

This is the configuration of air transfer lines that is appropriate during’the operation of -
the dust generator. The configuration that is appropriate dunng calibration of air flow
is discussed in Section 9.3.4 of the main text. :

As indicated previously, the side arm on the bottom cup of the elulriatcr is connected toa
two ft section of 0.25 in. i.d. Tygon tubing that is simply allowed to hang free (Figure A-6a).

A-14




FIGURE A-10

TUBING CONNECTIONS FOR THE SCRUBBER * -
OF THE DUST GENERATOR . S
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FIGURE A-11

TUBING CONNECTIONS FOR FILTER CASSETI‘ES '
MOUNTED ON THE ELUTRIATOR OF THE DUST GENERATOR
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A.2 THEORY OF OPERATION
A.2 1 The Dynamics of Dust Generation .

The dynamics of the release of dust from a sample during a run uslng the dust generator
have "been evaluated so that the rate of release ‘and mass of dust in the sample can be
derived from measurements of the mass of dust deposited over time on the set of filters
collected over the ME opening of the elutriator. Analysis of data obtained from several
different types of samples during the pilot study for this method (Berman et al., 1994)
indicate that the rate of release of mass from a sample in the dust generator is well descrlbed
by a first-order rate equation: - .

-dM/dt = k*M o e (A1)
where: .
Mg is the mass of respirable dust remaining in the sample at time '“t"
(9); | R
i * is the time since the start of the run (s); and
k is the first-order rate constant for the release ™. o

The minus sign in this equation indicates that mass is lost with time.

Equation A-1 can be integrated tp yield:

| In(Mg) = In(M_) - kt . - | (a2

where: . . v '
M " is the mass of respirable dust in the sample at the start of the

run (i.e. at time t = 0) (g).

[o]

Given that "MJ" can also be expressed as the drﬁerence between "M " and "M" the cumula’uve
mass released up to time "," Equation A-2 can also be expressed as :

’ln(Mo-'Mr)=lr1(Mo)—kt‘ - - (A-3)

where:
M is the cumulative mass released between the start of a run and

time "t" (g)

r .

The relationship- presented in Equatron A-3 indicates that a plot of the natural loganthm of the

quantity (M, -M,) versus time should be a straight line with a slope equal to the rate constant
for dust release k, and an intercept equal to the initial mass of dust in the sample at the start
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' of the run, M,. The cumulat|ve mass of dust released from the sample over time, M can be '
", derived from measurements of dust collected on filters during the run. However, because M, .
also appears as part of one of the parameters that must be plotted ' to evaluate the
relationship expressed in Equation A-3, the value of M, must be optlmlzed using regressron
as descnbed in Section 11.2 of the main text of this method : ‘

. The cumulatlve mass released from ‘a sample at time " durrng a run, "M," is directly
proportional to the cumulative mass measured on filters collected dunng the run:

M, = Mf*(Fs + Fd + F JFe - o v | (A-4)
where: . - : o -
"M, is the cumulative mass measured on filters collected from filters
' mounted over the top of the elutnator up to time "t" (g)
Fe is the rate of arrflow through the scrubber (cm3/s)

Fq s the rate. of airflow through the IST openmg of the elutrlator |

: (cm /s); and A ‘ -

} FC- is the rate of arrflow through the ME opemng of the elutrlatorl
- (em®fs). L '

. Because Fg and F_ will typlcally have been set to 0.48*V,, and Fy will typically have been set
1o OO47*V durlng the initial setup of the dust generator (see Section 934) for most
' appllcatlons Equatlon A-4 reducesto: =~ - . ) . ,

As mdlcated above, values for Mo must be’ denved by performmg a regressron analysxs of the
relatronshrp described by Equation A-3. This can be accomplished by using any of several

~ commercially: available spreadsheet programs (such as, for example, LOTUS ) The

procedure to be followed to denve estlmates of M, and k are descrrbed in Sectlon 11.2.

A.2.2 The Time Dependence of: Dust Collect|on

As indicated in Section A.2.1 above the’ generatlon of dust from the tumbler: lS well descrlbed
by the first order rate equation: -

P —dMS/dtfsk*MS‘ o

However expenence gained during the- prlot study for this method (Berman et al. 1994)
" further indicates that the rate of change of M, is sufficiently slow in most cases such that, for
periods of no more than 5 to 10 minutes, Mg can be consrdered constant. . Thus, for
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estimating such things as the time reqwred to load individual fllters in the dust generator a
simpler form of Equation A-1 can be used (m which M is cons:dered constant) :

AMg = k*M*at S . (A-6)
where: :

M is still the mass of resplrable dust remalnlng in the sample at
time “t* but it is assumed constant over the short interval of time
llAtll (g) .

AM; s the mass of resplrable dust released from the sample over the
short time interval "At" (g)

At is a relatively short time interval (no more than ten minutes)

: during which the release of dust is being estimated (s); and

Kk is still the first-order rate constant for the release (s™).

Based on Equation A-6, the mass of respirable dust deposited on a filter in the dust
generator, call this AM;, is simply the product of the dust released from the sample, AM,, and
the fraction of the flow through the dust generator that is also directed through that fllter
‘Thus, for filters collected over the isokinetic samphng tube (the IST" opening of the elutriator):

AM; = 0.047* k*M_*At ,‘ o A
or for filters collected over the ME opening of”_the elutriator:
AM; = 0.48% K*M_*At o (a8

The correct value for M to be used with Equations A-7 and A-8 is the value estlma’ted by the :
relationship provided m Equation A-2 of Section A.2.1 where the "" in Equation A-2 is the
time that has elapsed from the beginning of the run to the start of the interval of interest, "At" .

NOTE

In denvnng Equations A-7 and A-8, it was assumed that air flow within the dust
generator was setup as descrlbed in Sectlon 9.3.4.
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A.2.3 Size Sepéi‘afioh Usin’g the Vertical*Elutriator" .

Separatlon of the resplrable fraction’ of a parhculate matnx can be accomphshed by explomng. .
 differences in the settling velocities of particles of different sizes when such particles are
suspended in either & hqund or gaseous medium. However, air was selected as the medium
into - which samples  would be -suspended in this' method to avoid changes - in the
characteristics of asbestos that typlcally occur when asbestos samples are placed in water?.
The force on a particle suspended in-a movmg fluid is-given by Stoke's Law (Fuchs, N.A.
1964). . When such a particle is suspended in a fluid that is' moving upward such that the
force of the fluid and the force of gravity on the particle just balance and the partlcle remains
motionless, Stoke’s Law lndlcates that the followmg relationship holds: :

| 4/3*nfr3#d*g = SV, SR a9
wﬁe"re: - - B - 'v B |
. re is the radius of the pa_rﬁcle (em);
d | ié_’tﬁe densfty of’th_e,particle (g/cml?’)‘; o
g ) is ,the acceleration due to gravity ’(cm/ééj; -
Coq - is fhe 'dyhamic,,viscolsity of the ﬂﬁid (Q/cm*s);\ énd
‘**lv‘v,‘ " is the linear velocity of ﬂje fuid (cm/s). |

The velocity estimated in Equation A_-Q is termed the Stoke’s velocity, Vs.

By substituting. the viscosity of air at-room temperature (i.e. 20° C) and the acceleration due
to gravity into Equatlon A-9, 'the value of the Stoke’s velocity of a particle IS es’umated as
follows: : . ‘ ]

V‘sy.‘=v1.18*106*r2*d o  (A10)

where "' is- the radius of the pamcle dnd “d" is the densﬁy of the partlcle Because resplrable '
particles are generally defined as those exhibiting an ‘aerodynamic equivalent diameter" of

- 10 pm, where an aerodynamic equnvalent diameter is the diameter of a particle of unit density

“that settles at the same rate as the particle of interest, Equation A-10 can be used to find the . -
Stoke’s velocity of the largest resplrable particles in the elutnator (1 e. by substituting a radlus
of 5 um and assumlng a densnty of 1): .

Vg = 0.295 cm/s

It is well documented that the ‘size distribution of asbestos structures. in a sample change when such a sample is

. -placed in water. For an overview of such documentation, see Berman and Chatfield (1990). Typically, the number of
small fibers and bundles increases and the number and complexity of clusters and matnces decrease when' asbestos
samples are placed in water.

A-21




The Stoke's velocity for a particle is also equal to the velocity of the fluid stream that will just
hold a particle motionless against gravity. Because the goal of the dust generator is to
capture all particles that are potentially respirable; the velocity of air within the elutriator
should be set so that it is just slightly larger (i.e. by 5%) than the Stoke’s velocity estimated
above (for the largest respirable particles) so that all respirable particles entering the elutriator
will be imparted with an upward velocity and will be carried along with the air stream so that
they are, ultimately, either deposited on a filter .or passed into the scrubber. Therefore,
airflow within the dust generator should be set so that the velocity of air within the vertical
elutriator is 5% greater than 0.295:

V, = 0.31 cm/s.

A.3 DUST GENERATOR PROTOTYPE DESIGN FIGURES AND CONSTRUCTION
GUIDELINES

The figures of the prototype dust generator that are lncluded in this package are intended to
be suggestive and not meant to be followed in exact detail. However, the dimensions of the
various cross-sectional areas of different parts of the dust generator, which affect the relative
air flows in various places, need to be followed closely for the dust generator to perform as
intended. Other design features, such as couplings, clamps, and seals are intended more to
be illustrative; alternate designs can be equally effective. : :

In spite of the low pressure differentials developed during operation in the prototype,
performance was found to be very sensitive to leaks, especially leaks. occurring in the
isokinetic sampler filter mounts. Design features associated with the dust collection system
should therefore be selected so as to minimize the potential for leaks in this'area. The air
flow path in the elutriator of any dust generator that is constructed for use with this method -
should be tested for leaks when construction is completed and periodicelly thereafter.

So that dust generator ‘equipment constructed for use with this method will perform
adequately, the following requirements must be incorporated into its desngn :

. the tumbler must be designed to hold a minimum of approximately 100 g of
sample (with ample space left over to allow adequate tumbling) so that field
homogenization requirements .are not compromised. It should also be
designed to assure a reasonably long pathlength over which air passes
through the sample and baffles (or square corners) should be incorporated to
assure adequate tumbling action and thorough mixing of sample and air;

. the pathlength of the elutriator should be a minimum of 10 times its diameter to
minimize the possibility of channeling and the diameter should be large enough
to assure a cross-sectional area that is at least 10 times that of the tumbler.
This latter requirement is to assure adequate air flow in the tumbler that will
effect efficient transfer of sample while flow throughout the device is limited to
allow flow in the elutriator to be set at 1.05 times the settling velocity of the

- largest respirable particie of interest;
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K the entrance tube and bottom - of the elutrlator should be shaped so that -
~ sufficient air velocities are maintained’ in this part of the device to assure a

smooth, transition (with efficient sample transfer). between flow in the tumbler
and flow in the elutriator. It is also recommended that the entrance tube 1o the
elutriator be pointed downward as -a further. hindrance to channellng in the

‘ elutnator and

filter mounts in the dust c_ollection,syster'n need to allow for ready, facile ~

exchange of filters while minimizing the potential for air leaks in this area. A
modification incorporated into the prototype device to achieve both

. requirements was to design aluminum mounts that are tapered such that the
shaved bottom half of commercially available filter cassettes fit snugly and-can
-be glued in place (to prevent air leaks at this joint). These can then be fitted

with filters and joined to the matching top halves of commercially available
cassettes This feature takes good advantage of the fit between the two plastic

~ halves of a commercial filter cassette, which are designed to join with minimal

leakage while allowing for rapid exchange of filters. The bottom half of the ”

" aluminum filter mounts are sealed*mto the shde mechamsms on the prototype‘

apparatus with o-rings.

The followmg frgures are lncluded in tlhrs package

*

Frgure A—1 3 lndlcates the overall assembly of the prototype dust generator

'Flgure A-14 mdncates the details of the prototype tumbler assembly,

. Flgure A-15 mdrcates the details of the prototype vertical elutnator

Figure A-16 is a vertl«cal cross-section of the top of the prototype vertical
elutriator indicating the relationship between the elutriator openings, the -
isokinetic sampling tube, and the slide mechanisms of the dust collectlon‘

system

K Figure A-17 indicate's the details of the isokinetic sarnplihg tube;

: ‘Flgure A-18 indicates the detalls ot the prototype sllde mechanlsm of the dust
I‘coltectlon assembly, and ‘ - :

© Figure A-ts? indicates the 'details of the prototype’ filter cassette vmounts. :
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FIGURE A3 OVERALL PROTOTYPE DUST GENERATOR ASSEMBLY
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FIGURE A-14 PROTOTYPE TUMBLER ASSEMBLY DETAIL
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FIGURE A-16

SECTION OF ELUTRIATOR TOP
: WITH EXTENSION TUBE
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* FIGURE A-17
LONGITUDINAL & TRANSVERSE SECTIONS OF

ISOKINETIC SAMPLING TUBE
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FIGURE A-18 PROTOTYPE SLIDE MECHANISM DETAIL
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_ . FIGURE A-19 B
~ DETAIL OF PROTOTYPE FILTER CASSETTE MOUNTS
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